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1 . This technical data may be controlled under U.S. Export Administration Regulations 
and may be subject to the approval of the U.S. Department of Commerce prior to 
export. Any export or re-export directly or indirectly, in contravention of the U.S. 
Export Administration Regulations is strictly prohibited. 

2. LIFE SUPPORT POLICY 

Toshiba products described in this databook are not authorized for use as critical 
components in life support systems without the written consent of the appropriate 
officer of Toshiba America, Inc. Life support systems are either systems intended for 
surgical implant in the body or systems which sustain life. 

A critical component is any component of a life support system whose failure to 
perform may cause a malfunction or failure of the life support system, or may affect its 
safety or effectiveness. 

3. The information in this databook has been carefully checked and is believed to be 
reliable, however, no responsibility can be assumed for inaccuracies that may not have 
been caught. All information in this databook is subject to change without prior notice. 
Furthermore, Toshiba cannot assume responsibility for the use of any license under 
the patent rights of Toshiba or any third parties. 
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2M VRAM CROSS REFERENCE 



FUNCTION 


BASIC & SPECIAL FEATURES 


BASIC & SPECIAL FEATURES 
INCLUDING EXTENDED DATA OUT 


Toshiba 


TC528257 


TC528267 
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MT42C8257 


MT42C8256 
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Note: This cross reference has been developed based on compatibility of feature sets. We recommend system 
designers to check timing specifications in detail to ensure complete compatibility. 
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OUTLINE DRAWINGS 
• Plastic SOJ 
SOJ28 - P - 400 



TC524258BJ 



28 ?5 
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Unit in mm 
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tea 



Weight : 1.13g(TYP.) 
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• Plastic ZIP 
ZIP28 - P - 400 



TC524258BZ 




Wtight : 2.01g(TYP.) 
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• Plastic TSOP 
TSOP28 - P - 400B 



TC524258BFT 



Unit in mm 



28 23 
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0.4±0.1 



0.21 (Mi 



18.81 MAX 




Weight : 0.53g (TYP.) 
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• PlasticTSOP 
TSOP28 - P - 400C 



TC524258BTR 



Unit in mm 




18.81 MAX 




0.5±0.1 



Weight : 0.53g (TYP.) 
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• Plastic SOJ 
SOJ40 - P - 400 



TC528128BJ, TC528257J, TC528267J 

UNIT in mm 



40 

r-i r-i r-i m r-t r-i 



21 

nr-ir-ir-ii-ii-ii-ir-ii-ir-innnr-i; 
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26.46MAX 



26.04+0.12 



0.71±0.1 



0.43±0.1 1 



Weight : 1.55g CTYP.) 



TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



B-5 



* Plastic TSOP 
TSOP44 - P - 400B 



TC528128BFT, TC528257FT, TC528267FT 

UNIT in mm 



?gggggggg 3 g 5 



32 23 

g g g g g o g g g g- 




18.81 MAX 



18.4110.1 




Ql0.1l 




0.5±0.1 



it : 0.48g (TYP.) 
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• Plastic TSOP 
TSOP44 - P - 400C 



TC528257TR, TG528267TR 



UNIT in mm 




1 8.81 MAX 




Weight : 0.48g (TYP.) 
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. SSOP64-P-525 



TC524162/165SF, TC524262/265SF 
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TSOP70-P-400 



TC524162/165FT, TC524162/165TR, 
TC524262/265FT, TC524262/265TR 
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target spec 



SILICON GATE CMOS 
262,144WORDS X 4BITS MULTIPORT DRAM 

DESCRIPTION 

The TC524258B is a CMOS multiport memory equipped with a 262,144-words by 4-bits dynamic random 
access memory (RAM) port and a 5 12-words by 4-bits static serial access memory (SAM) port. The TC524258B 
supports three types of operations; Random access to and from the RAM port, high speed serial access to and 
from the SAM port and bidirectional transfer of data between any selected row in the RAM port and the SAM 
port. The RAM port and the SAM port can be accessed independently except when data is being transferred 
between them internally. In addition to the conventional multiport video RAM operating modes, the 
TC524258B features the block write and flash write functions on the RAM port and a split register data transfer 
capability on the SAM port. The TC524258B is fabricated using Toshiba's CMOS silicon gate process as well 
as advanced circuit designs to provide low power dissipation and wide operating margins. 



FEATURES 

• Single power supply of 5 V + 1 0% with a built-in 
V BB generator 

• All inputs and outputs : TTL Compatible 

• Organization 

RAM Port : 262,144words X 4bits 
SAM Port : 512words X 4bits 

• RAM Port 

Fast Page Mode, Read - Modify - Write 
CAS before RAS Refresh, Hidden Refresh 
RAS only Refresh, Write per Bit 
Flash Write, Block Write 
512 refresh cycles / 8ms 

• SAM Port 

High Speed Serial Read / Write Capability 
512 Tap Locations 
Fully Static Register 

• RAM - SAM Bidirectional Transfer 

Read / Write / Pseudo Write Transfer 
Real Time Read Transfer 
Split Read / Write Transfer 

• Package 

TC524258BJ: SOJ28-P-400 
TC524258BZ : ZIP28-P-400 



KEY PARAMETERS 



ITEM 




— 80 


— 10 


tRAC 


RAS Access Time 
(Max.) 


80ns 


100ns 


l CAC 


CAS Access Time 
(Max.) 


25ns 


25ns 


l AA 


Column Address Access 
Time (Max.) 


45ns 


50ns 


l RC 


Cycle Time (Min.) 


150ns 


180ns 


l PC 


Page Mode Cycle Time 
(Min.) 


50ns 


55ns 


tsCA 


Serial Access Time 
(Max.) 


25ns 


25ns 


hcc 


Serial Cycle Time (Min.) 


30ns 


30ns 


!cci 


RAM Operating Current 
(SAM : Standby) 


85mA 


70mA 


1 

CC2A 


SAM Operating Current 
(RAM : Standby) 


50mA 


50mA 


1 CC2 


Standby Current 


10mA 


10mA 
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i 



PIN NAME 



A0-A8 


Address inputs 


RAS 


Row Address Strobe 


CAS 


Column Address Strobe 


DT/OE 


Data Transfer/Output Enable 


Wb/we 


Write per Bit/Write Enable 


DSF 


Special Function Control 


Wl/IOl -W4/I04 


Write Mask/Data IN, OUT 


SC 


Serial Clock 


SE 


Serial Enable 


SI01-SI04 


Serial Input/Output 


QSF 


Special Flag Output 


Vcc/Vss 


Power (5V)/Ground 


N.C. 


No Connection 



PIN CONNECTION (TOP VIEW) 



SC 
SIOl 
_S102 
DT/OE 
W1/I01 
W2/IQ2 
WB/WE 
NC 
RAS 
A8 
A6 
A5 



TC524258BJ 






TC524258BZ 




CO 


28 


] 


Vss 


DSF 




zi: 


W3/I03 


C 2 


27 


] 


SI04 


W4/I04 


IjG 




SE 


C 3 


26 


] 


SI03 


SI03 


13 


Z'£ 


SI04 


[4 


25 


] 


SE 


Vss 


I'Jl 


zr 


SC 


C 5 


24 


] 


W4/I04 


SI01 


I S3 


Zwi 


SI02 


[6 


23 


] 


W3/I03 


DT/OE 


III] 


Zal 


W1/I01 


C 7 


22 


] 


DSF 


W2/I02 


IfiJ 


D3I 


WB/WE 


C 8 


21 


3 


CAS 


NC 




us: 


RAS 


C 9 


20 


] 


QSF 


A8 


:ei 


z<&: 


A6 


C 10 


19 


3 


AO 


A5 


lis: 


Sol 


A4 


C 11 


18 


3 


A1 


Vcc 




zu: 


A7 


C 12 


17 


3 


A2 


A3 


123 


55: 


A2 


C 13 


16 


3 


A3 


A1 




Z2§: 


AO 


C 14 


15 


3 


A7 • 


QSF 


:m 


Z2T 


CAS 
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BLOCK DIAGRAM 



W1/I01~W4/I04 
? ? ? ? 



< < |l- leo «/> U lui 
oe |U |Q |§ a v> |u-> 




SIO1-SI04 

? f ? f 



SERIAL OUTPUT 
BUFFER 



TV 

4 



2 



SERIAL INPUT 
BUFFER 



WRITE 


WRITE-PER 




WM1 


H 


REGISTER 


CONTROL 


BIT 




(4bit) 




{>— ° QSF 



Vcc V SS 



TTTTTTTTT 

A0~A8 
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ABSOLUTE MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


NOTE 


V IN> V OUX 


Input Output Voltage 


— 1.0-7.0 


V 


1 


v cc 


Power Supply Voltage 


— 1.0-7.0 


V 


- 1 


Topr 


Operating Temperature 


0-70 


°c 




T STG 


Storage Temperature 


— 55-150 


°c 




T SOLDER 


Soldering Temperature • Time 


260*10 


°C«sec 




Pd 


Power Dissipation 


1 


W 




Iqut 


Short Circuit Output Current 


50 


mA 





RECOMMENDED D.C. OPERATING CONDITIONS (Ta = 0~70°C) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


NOTE 


Vcc 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


2 


v IH 


Input High Voltage 


2.4 




6.5 


V 


2 


Vil 


Input Low Voltage 


—1.0 




0.8 


V 


2 



CAPACITANCE (V cc = 5V, f = 1MHz, Ta = 25°C) 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNIT 


Q 


Input Capacitance 




7 


pF 


C IO 


Input/Output Capacitance 




9 


Co 


Output Capacitance (QSF) 




9 



Note: This parameter is periodically sampled and is not 100% tested. 
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D.C. ELECTRICAL CHARACTERISTICS (V cc = 5V ± 10%, Ta = <K70°C) 



ITEM (RAM PORT) 


SAM PORT 


SYMBOL 


-80 


-10 


UNIT 


NOTE 


MIN. 


MAX. 


MIN. 


MAX. 


OPERATING CURRENT 
/RAS,CASCycling\ 
\tRC = t RC min - / 


Standby 


icci 




85 




70 




3,4 


Active 


IcOA 




125 




110 




3,4 


STANDBY CURRENT 
(RAS, CAS - V IH ) 


Standby 


ICC2 




10 




10 






Active 


k:C2A 




50 




50 




3,4 


RAS ONLY REFRESH CURRENT 
/ RAS Cycling, CAS - V IH \ 

I l RC = tRC min- ) 
\ / 


Standby 


IcC3 




85 




70 




3,4 


Active 


ICC3A 




125 




110 




3,4 


PAGE MODE CURRENT 

/ RAS - V IL , CAS Cycling \ 
\ tpc = l RC min - / 


Standby 


ICC4 




75 




60 




3,4 


Active 


'CC4A 




115 




100 


mA 


3,4 


CAS BEFORE RAS REFRESH CURRENT 
/ RAS Cycling, CAS Before RAS\ 
I tRC = tRC min - J 


Standby 


!CC5 




85 




70 


3,4 


Active 


!CC5A 




125 




110 




3,4 


DATA TRANSFER CURRENT 
/RAS,CASCycling\ 
VtRC = tRC min - J 


Standby 


^CC6 




105 




90 




3,4 


Active 


!CC6A 




145 




130 




3,4 


FLASH WRITE CURRENT 
/RAS, CAS Cyclings 

\ tRC = tRC min - J 


Standby 


J CC7 




85 




70 




3,4 


Active 


!CC7A 




125 




110 




3,4 


BLOCK WRITE CURRENT 
/RAS, CAS Cyclings 
\ t RC = t RC min. j 


Standby 


!CC8 




95 




80 




3,4 


Active 


!CC8A 




135 




120 




3,4 



ITEM 


SYMBOL 


MIN. 


MAX 


UNIT 


NOTE 


INPUT LEAKAGE CURRENT 

0V<V IN <6.5V, All other pins not under test=0V 


Il(L) 


—10 


10 


|J.A 




OUTPUT LEAKAGE CURRENT 
0V<V OUT <5.5V, OutputDisable 


^O(L) 


—10 


10 


HA 




OUTPUT "H" LEVEL VOLTAGE 
I OUT = " 2mA 


V H 


2.4 




V 




OUTPUT "L" LEVEL VOLTAGE 
^UT = 2mA 


Vol 




0.4 


V 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS (V cc = 5V ± 10%, Ta = <K70°C)(Notes: 5, 6, 7) 



SYMBOL 


PARAMETER 




80 




10 


UNIT 


NOTE 


MIN. 


MAX. 


MIN. 


MAX. 


*RC 


Random Read or Write Cycle Time 


150 




180 








*rmw 


Read-Modify-Write Cycle Time 


195 




235 








tpc 


Fast Page Mode Cycle Time 


50 




55 








^PRMW 


Fast Page Mode Read-Modify-Write Cycle 
Time 


90 




100 








l RAC 


Access Time from RAS 




80 




100 




8,14 


l AA 


Access Time from Column Address 




45 




50 




8,14 


*CAC 


Access Time from CAS 




25 




25 




8,15 


tcPA 


Access Time from CAS Precharge 




45 




50 




8,15 


l OFF 


Output Buffer Turn-Off Delay 





20 





20 




10 


t T 


Transition Time (Rise and Fall) 


3 


35 


3 


35 




7 


l RP 


RAS Precharge Time 


60 




70 








l RAS 


RAS Pulse Width 


80 


10000 


100 


10000 






l RASP 


RAS Pulse Width (Fast Page Mode Only) 


80 


100000 


100 


100000 






l RSH 


RAS Hold Time 


25 




25 








tcSH 


CAS Hold Time 


80 




100 








tcAS 


CAS Pulse Width 


25 


10000 


25 


10000 






l RCD 


RAS to CAS Delay Time 


20 


55 


20 


75 


ns 


14 


tRAD 


RAS to Column Address Delay Time 


15 


35 


15 


50 


14 


l RAL 


Column Address to RAS Lead Time 


45 




50 








*CRP 


CAS to RAS Precharge Time 


10 




10 








*CPN 


CAS Precharge Time 


10 




10 








*cp 


CAS Precharge Time (Fast Page Mode) 


10 




10 








l ASR 


Row Address Set-Up Time 
















l RAH 


Row Address Hold Time 


10 




10 








Use 


Column Address Set-Up Time 
















*CAH 


Column Address Hold Time 


15 




15 








l AR 


Column Address Hold Time referenced to RAS 


55 




70 








*RCS 


Read Command Set-Up Time 
















tRCH 


Read Command Hold Time 














11 


tRRH 


Read Command Hold Time referenced to RAS 














11 


l WCH 


Write Command Hold Time 


15 




15 








t\VCR 


Write Command Hold Time referenced to RAS 


55 




70 








%P 


Write Command Pulse Width 


15 




15 








*RWL 


Write Command to RAS Lead Time 


20 




25 








l CWL 


Write Command to CAS Lead Time 


20 




25 
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G"V1V/T"D/"\T 

sYMBUL 




-80 


- 


10 


UNIT 


NOTE 


MIN. 


MAX. 


MIN. 


MAX. 


l DS 


Data Set-Up Time 














12 


l DH 


Data Hold Time 


15 




15 






12 


^•DHR 


Data Hold Time referenced to RAS 


55 




70 








t\vcs 


Write Command Set-Up Time 














13 


*RWD 


RAS to WE Delay Time 


100 




130 






13 


l AWD 


Column Address to WE Delay Time 


65 




80 






13 


l CWD 


CAS to WE Delay Time 


45 




55 






13 


l DZC 


Data to CAS Delay Time 
















l DZO 


Data to OE Delay Time 












ns 




toEA 


Access Time from OE 




20 




25 




8 


l OEZ 


Output Buffer Turn-off Delay from OE 





10 





20 




10 


l OED 


OE to Data Delay Time 


10 




20 








tOEH 


OE Command Hold Time 


10 




20 








l ROH 


RAS Hold Time referenced to OE 


15 




15 








tcSR 


CAS Set-Up Time for CAS Before RAS Cycle 


10 




10 








l CHR 


CAS Hold Time for CAS Before RAS Cycle 


10 




10 








l RPC 


RAS Precharge to CAS Active Time 
















l REF 


Refresh Period 




8 




8 


ms 




l WSR 


WB Set-Up Time 
















tRWH 


WB Hold Time 


15 




15 








l FSR 


DSF Set-Up Time referenced to RAS 
















l RFH 


DSF Hold Time referenced to RAS (1) 


15 




15 








Vhr 


DSF Hold Time referenced to RAS (2) 


55 




70 








l FSC 


DSF Set-Up Time referenced to CAS 
















tcFH 


DSF Hold Time referenced to CAS 


15 




15 








l MS 


Write-Per-Bit Mask Data Set-Up Time 
















^MH 


Write-Per-Bit Mask Data Hold Time 


15 




15 




ns 




l TUS 


DT High Set-Up Time 














^THH 


L) i Jtiign nolo i ime 


15 




1 c 

1 J 








tTLS 


DT Low Set-Up Time 
















^TLH 


DT Low Hold Time 


15 


10000 


15 


10000 






tRTH 


DT Low Hold Time referenced to RAS 
(Real Time Read Transfer) 


65 


10000 


80 


10000 






km 


DT Low Hold Time referenced to Column 
Address (Real Time Read Transfer) 


30 




30 








tcTH 


DT Low Hold Time referenced to CAS 
(Real Time Read Transfer) 


25 




25 
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SYMBOL 


PARAMblbR 


-80 




10 


UNIT 


NOTE 


MIN. 


MAX. 


MIN. 


MAX. 


^ESR 


SE Set-Up Time referenced to RAS 
















^REH 


SE Hold Time referenced to RAS 


15 




15 








l TRP 


DT to RAS Precharge Time 


60 




70 








t TP 


DT Precharge Time 


20 




30 








l RSD 


kaj> to rirst al, Delay lime (Read iransler) 


80 




1 An 
1UU 








USD 


Column Address to First SC Delay Time 
(Read Transfer) 


45 




jO 








tcSD 


CAS to First SC Delay Time (Read Transfer) 






25 








l TSL 


T ast tn TW T paH Timp 

(Real Time Read Transfer) 


5 




5 








^TSD 


DT to First SC Delay Time (Read Transfer) 


15 




15 










Last SC to RAS Set-Up Time (Serial Input) 


30 




30 








t 


RAS to First SC Delay Time (Serial Input) 


25 




25 








t 


RAS to Serial Input Delay Time 


50 




50 








t S DZ 


Serial Output Buffer Turn-off Delay from RAS 


10 


50 


10 


50 




10 




(Pseudo Write Transfer) 












tscc 


SC Cycle Time 


30 




30 








he 


SC Pulse Width (SC High Time) 


10 




10 








tscp 


SC Precharge Time (SC Low Time) 


10 




10 








tsCA 


Access Time from SC 




25 




25 




9 


tsOH 


Serial Output Hold Time from SC 


5 




5 








tSDS 


Serial Input Set-Up Time 
















tsDH 


Serial Input Hold Time 


15 




15 








tsEA 


Access Time from SE 




25 




25 




9 


tSE 


SE Pulse Width 


25 




25 








tsEP 


SE Precharge Time 


25 




25 








tSEZ 


Serial Output Buffer Turn-off Delay from SE 





20 





20 




10 


l SZE 


Serial Input to SE Delay Time 
















tszs 


Serial Input to First SC Delay Time 
















tsws 


Serial Write Enable Set-Up Time 
















tsWH 


Serial Write Enable Hold Time 


15 




15 








tswis 


Serial Write Disable Set-Up Time 
















tsWIH 


Serial Write Disable Hold Time 


15 




15 








l STS 


Split Transfer Set-Up Time 


30 




30 








tsTH 


Split Transfer Hold Time 


30 




30 








tsQD 


SC-QSF Delay Time 




25 




25 






l TQD 


DT-QSF Delay Time 




25 




25 






tcQD 


CAS-QSF Delay Time 




35 




35 






l RQD 


RAS-QSF Delay Time 




75 




90 
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NOTES: 

1 . Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to 
the device. 

2. All voltage are referenced to V ss . 

3. These parameters depend on cycle rate. 

4. These parameters depend on output loading. Specified values are obtained with the output open. 

5. An initial pause of 200|is is required after power-up followed by any 8 RAS cycles (DT/OE "high") and 
any 8 SC cycles before proper device operation is achieved. In case of using internal refresh counter, a 
minimum of 8 CAS before RAS initialization cycles instead of 8 RAS cycles are required. 

6. AC measurements assume t T = 5ns. 

7- V IH (min ) and V IL ( max ■, are reference levels for measuring timing of input signals. Also, transition times 
are measured between V IH and V IL . 

8. RAM port outputs are measured with a load equivalent to 1 TTL load and lOOpF. 
D oux reference levels : V OH / V OL = 2.0V / 0.8V. 

9. SAM port outputs are measured with a load equivalent to 1 TTL load and 30pF. 
D OUT reference levels : V OH / V OL = 2.0V / 0.8V. 

10- 1 off (max.)' t EZ (max.)> *sdz (max.) and t SEZ (max } define the time at which the outputs achieve the open 
circuit condition and are not referenced to output voltage levels. 

1 1 . Either t RCH or t RRH must he satisfied for a read cycles. 

12. These parameters are referenced to CAS leading edge of early write cycles and to WB / WE leading 
edge in OE-controlled-write cycles and read-modify-write cycles. 

13. twcs> tRWD' *cwd an d Iawd 316 not restrictive operating parameters. They are included in the data sheet 
as electrical characteristics only. If t^cs — ^wcs (min.)' 

the cycle is an early write cycles and the data out 
pin will remain open circuit (high impedance) throughout the entire cycle; If t RWD > t RWD (m j n- ), t CWD > 
t CWD (min ) and t AWD > t AWD (min ) the cycle is a read-modify-write cycle and the data out will contain 
data read from the selected cell : If neither of the above sets of conditions is satisfied, the condition of 
the data out (at access time) is indeterminate. 

14. Operation within the t RCD ( max .) limit insures that t^c ( max .) can he met. 

t RCD ( max ) is specified as a reference point only : If t RCD is greater than the specified 
t RCD ( max ) limit, then access time is controlled by t CAC . 

15. Operation within the t^o ( max .) limit insures that tj^c ( max ) can be met. t RAD ( max ) is specified as a 
reference point only: If t^j, is greater than the specified t RAD (max -> limit, then access time is controlled 
b y Ua- 
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: "H" or "L" 
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WRITE CYCLE (EARLY WRITE) 



Ca5 



A0~A8 



WB/WF 



5T/QI 



DSF 



W1/I01 
-W4/I04 




OUT 



Vih -\ 
Vil -j 



Voh- 



Vol 



OPEN 



"H" or "L" 



*1 WB/WE 


W1/I01~W4/I04 


Cycle 





WM1 data 


Write per bit 


1 


Don't Care 


Normal Write 



WM1 data 



0: Write Disable 
1 : Write Enable 
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WRITE CYCLE (OE CONTROLLED WRITE) 




*1 WB/WE 


W1/I01-W4/I04 


Cycle 





WM1 data 


Write per bit 


1 


Don't Care 


Normal Write 



WM1 data 0: Write Disable 

1: Write Enable 
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READ-MODIFY- WRITE CYCLE 




*i Wb/We 


W1/I01-W4/I04 


Cycle 





WM1 data 


Write per bit 


l 


Don't Care 


Normal Write 



WM1 data 0: Write Disable 

1 : Write Enable 
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FAST PAGE MODE READ CYCLE 
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*1 WB/WE 


W1/I01~W4/I04 


Cycle 





WM1 data 


Write per bit 


1 


Don't Care 


Normal Write 



WM1 data 0: Write Disable 

1 : Write Enable 
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*1 Wb/we 


W1/I01-W4/I04 


Cycle 





WM1 data 


Write per bit 


1 


Don't Care 


Normal Write 



WM1 data 0: Write Disable 

1 : Write Enable 
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LOAD COLOR REGISTER CYCLE 



tRC 
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READ COLOR REGISTER CYCLE 
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BLOCK WRITE CYCLE 



tRC 




*1 WB/WE 


*2 W1/I01-W4/I04 


Cycle 





WM1 Data 


Masked Block Write 


1 


Don't Care 


Block Write (Non Mask) 



WM1 data 0: Write Disable 

1: Write Enable 



*3 COLUMN SELECT 



Wl/IOl - Column (A 
W2/I02 - Column 1 (A, 
W3/I03 - Column 2 (A 
W4/I04 - Column 3 (A 




Wn/IOn 

=0 : Disable 
=1 : Enable 
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PAGE MODE BLOCK WRITE CYCLE 



RAS V 'H 
V|L 



CAS V IH 
VlL 



A0~A8 V IH 
V|L 



DT/C5E V 'H 
Vil 



WB/WE V 'H 
Vil 



W1/I01 V,h 
~W4/I04 V| L 



*CRP 



*RASP 



*AR 



*CSH 



*RCP 



. *RAD 



kAS 



tpc tRSH 




*1 WB/WE 


*2W1/I01~W4/I04 


Cycle 





WM1 Data 


Masked Block Write 


1 


Don't Care 


Block Write (Non Mask) 



WM1 data 



0: Write Disable 
1 : Write Enable 



*3 COLUMN SELECT 

Wl/IOl - Column (A 1C = 0, A oc = 
W2/I02 - Column 1 (A 1C = 0, A oc = 1 
W3/I03 - Column 2 (A 1C = 1, A oc = 
W4/I04 - Column 3 (A IC = 1, Ao C = 1 



} 



Wn/IOn 

=0 : Disable 
=1 : Enable 



"H" or "L" 
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READ TRANSFER CYCLE (Previous Transfer is WRITE TRANSFER CYCLE) 
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REAL TIME READ TRANSFER CYCLE 



A0-A8 



WB/WF v ]" 



DT/OE 



DSF 



W1/I01 Voh - 
~W4/I04 Vql 



SC 



SI01 
-SI04 




V 0H — \/ VALID : U 1 VALID \V VALID \7 
°UT V OL _ J\ DATA-OUT . A r DATA-OUT A DATA-OUT A 



VALID 
DATA-OUT. 



Previous Row Data 



X 



K VALID \S~ 
DATA-OUT A 



New Row Data 



TAP MSB (A8) 



Note : ST = V| L 



"H" or "L" 
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PSEUDO WRITE TRANSFER CYCLE 
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WRITE TRANSFER CYCLE 



C55 



A0-A8 



Wff/WE 



DT/OE 



W1/I01 V H 
-W4/I04 Vql 



51" 



SI01 
-SI04 



OUT 



QSF 




Voh- 



: Transfer Disable 
1 : Transfer Enable 
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SPLIT WRITE TRANSFER CYCLE 



A0-A8 -|| 
V|L 



V|L 




VlL 



W1/I01 V H — 

-W4/I04 Vql - 



SI01 v, H — 

~SI04 V, L 



_(255)/^+"256)X("+^ 'X (509) X (510) X 



255 
(511) 



tSQD 



QSF 



V H ~ 

Vql - 





Lower SAM ~ 255 



Upper SAM 256 ~ 511 



"H" or "L" 



Note : 5T = V IL 
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PIN FUNCTION 

ADDRESS INPUTS : A - A 8 

The 18 address bits required to decode 4 bits of the 1,048,576 cell locations within the dynamic RAM 
memory array of the TC524258B are multiplexed onto 9 address input pins (AQ~Ag). nine row address bits are 
latched on the falling edge of the row address strobe (RAS) and the following nine column address bits are 
latched on the falling edge of the column address strobe (CAS). 

ROW ADDRESS STROBE : RAS 

A random access cycle or a data transfer cycle begins at the falling edge of RAS. RAS is the control input 
that latches the row address bits and the states of CAS, DT/OE, WB/WE, SE and DSF to invoke the various 
random access and data transfer operating modes shown in Table 2. RAS has minimum and maximum pulse 
widths and a minimum precharge requirement which must be maintained for proper device operation and data 
integrity. The RAM port is placed in standby mode when the RAS control is held "high". 

COLUMN ADDRESS STROBE : CAS 

CAS is the control input that latches the column address bits and the state of the special function input DSF 
to select, in conjunction with the RAS control, either read / write operations or the special block write feature 
on the RAM port when the DSF input is held "low" at the falling edge of RAS. Refer to the operation truth table 
shown in Table 1 . CAS has minimum and maximum pulse widths and a minimum precharge requirement which 
must be maintained for proper device operation and data integrity. CAS also acts as an output enable for the 
output buffers on the RAM port. 

DATA TRANSFER/OUTPUT ENABLE : DT/OE 

The DT/OE input is a multifunction pin. When DT/OE is "high" at the falling edge of RAS, RAM port 
operations are performed and DT/OE is used as an output enable control. When the DT/OE is "low" at the falling 
edge of RAS, a data transfer operation is started between the RAM port and the SAM port. 
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WRITE PER BIT/WRITE ENABLE : WB/WE 

The WB/WE input is also a multifunction pin. When WB/WE is "high" at the falling edge of RAS during 
RAM port operations, it is used to write data into the memory array in the same manner as a standard DRAM. 
When WB/WE is "low" at the falling edge of RAS during RAM port operations, the write-per-hit function is 
enabled. The WB/WE input also determines the direction of data transfer between the RAM array and the serial 
register (SAM). When WB/ WE is "high" at the falling edge of RAS, the data is transferred from RAM to SAM 
(read transfer). When WB/WE is "low" at the falling edge of RAS, the data is transferred from SAM to RAM 
(masked- write transfer). 

WRITE MASK DATA/DATA INPUT AND OUTPUT : Wx/IO^WyiC^ 

When the write-per-bit function is enabled, the mask data on the W/IOjpins is latched into the write mask 
register (WM1) at the falling edge of RAS. Data is written into the DRAM on data lines where the write-mask 
data is a logic "1". Writing is inhibited on data lines where the write-mask data is a logic "0". The write-mask 
data is valid for only one cycle. Data is written into the RAM port during a write or read-modify-write cycle. 
The input data is latched at the falling edge of either CAS or WB/WE, whichever occurs late. During an early- 
write cycle, the outputs are in the high impedance state. Data is read out of the RAM port during a read or read- 
modify-write cycle. The output data becomes valid on the Wj/IO, pins after the specified access times from RAS, 
CAS, DT/OE and column address are satisfied and will remain valid as long as CAS and DT/OE are kept "low". 
The outputs will return to the high-impedance state at the rising edge of either CAS or DT/OE, whichever occurs 
first. 

SERIAL CLOCK : SC 

All operations of the SAM port are synchronized with the serial clock SC. Data is shifted in or out of the 
SAM registers at the rising edge of SC. In a serial read, the output data becomes valid on the SIO pins after the 
maximum specified serial access time t SCA from the rising edge of SC. The serial clock SC also increments the 
9-bits serial pointer (8-bits in split register mode) which is used to select the SAM address. The pointer address 
is incremented in a wrap-around mode to select sequential locations after the starting location which is 
determined by the column address in the read transfer cycle. When the pointer reaches the most significant 
address location (decimal 511), the next SC clock will place it at the least significant address location (decimal 
0). The serial clock SC must he held at a constant V IH or V IL level during read / pseudo write / write transfer 
operations and should not he clocked while the SAM port is in the standby mode to prevent the SAM pointer 
from being incremented. 
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SERIAL ENABLE : SE 

The SE input is used to enable serial access operation. In a serial read cycle, SE is used as an output control. 
In a serial write cycle, SE is used as a write enable control. When SE is "high", serial access is disabled, 
however, the serial address pointer location is still incremented when SC is clocked even when SE is "high". 

SPECIAL FUNCTION CONTROL INPUT : DSF 

The DSF input is latched at the falling edge of RAS and CAS and allows for the selection of various 
random port and data transfer operating modes. In addition to the conventional multiport DRAM, the special 
features consisting of flash write, block write, load color register and split read / write transfer can be invoked. 

SPECIAL FUNCTION OUTPUT : QSF 

QSF is an output signal which, during split register mode, indicates which half of the split SAM is being 
accessed. QSF "low" indicates that the lower split SAM (Bit 0~255) is being accessed and QSF "high" indicates 
that the upper split SAM (Bit 256~51 1) is being accessed. QSF is monitored so that after it toggles and after 
allowing for a delay of t sxs split read / write transfer operation can be performed on the non-active split SAM. 

SERIAL INPUT/OUTPUT : SI01-SI04 

Serial input and serial output share common I/O pins. Serial input or output mode is determined by the 
most recent read, write or pseudo write transfer cycle. When a read transfer cycle is performed, the SAM port 
is in the output mode. When a write or pseudo write transfer cycle is performed, the SAM port is switched from 
output mode to input mode. During subsequent write transfer cycle, the SAM remains in the input mode. 
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OPERATION MODE 

The RAM port and data transfer operating of the TC524258B are determined by the state of CAS, ST/OE, 
WB/WE, SE and DSF at the falling edge of RAS and by the state of DSF at the falling edge of CAS. The Table 
1 and the Table 2 show the operation truth table and the functional truth table for a listing of all available RAM 
port and transfer operation, respectively. 



CAS falling edge ~\_ 


\. Table 1. Operaton Truth Table 


RAS falling edge 










1 


1 


\cas\dtZ\wbK SE 

\ \pE XWE \ \ 





1 





1 







* 


* 


* 


CAS before RAS Refresh 






1 











Masked Write Transfer 


Split Write Transfer with 
Mask 


Masked Write Transfer 


Split Write Transfer with 
Mask 


1 








i 


Pseudo Write Transfer 


Pseudo Write Transfer 


1 





1 


* 


Read Transfer 


Split Read Transfer 


Read Transfer 


Split Read Transfer 


1 


1 





* 


Read/Write per Bit 


Masked Flash Write 


Masked Block Write 


Masked Flash Write 


1 


1 


1 


* 


Read/Write 


Load Color 


Block Write 


Load Color 



Table 2. Functional Truth Table 



Function 


RAS^L. 


CAS™^- 


Address 


W/IO 


Write 
Mask 


Register 


CAS 


DT/OE 


WB/WE 


DSF 


SE 


DSF 


RAS i_ 


CAS 


RAS t 


CAS ~\- 


CAS ^_ 
WE ~\_ 


WM1 


Color 


CAS before RAS Refresh 





* 


* 




* 




* 
















Masked Write Transfer 


















Row 


TAP 


WM1 


* 




WM1 


Load 
use 




Pseudo Write Transfer 













1 


* 


Row 


TAP 






* 








Split Write Transfer 










1 






Row 


TAP 


WM1 






WM1 


Load 
use 




Read Transfer 







1 







* 


Row 


TAP 


* 




* 








Split Read Transfer 







1 


1 


* 


* 


Row 


TAP 




* 










Write per Bit 

















Row 


Column 


WM1 




DIN 


WM1 


Load 
use 




Masked Block Write 














1 


Row 


Column 
A2C-8C 


WM1 


Column 
Select 




WM1 


Load 
use 


use 


Masked Flash Write 









1 




* 


Row 




WM1 




* 


WM1 


Load 
use 


use 


Read Write 






1 










Row 


Column 


* 




DIN 








Block Write 






1 







1 


Row 


Column 
A2C-8C 


* 


Column 
Select 








use 


Load Color 






1 


1 


* 




Row 


* 






Color 






Load 



* : "0" or "1" , TAP : SAM start address , : not used 



If the special function control input (DSF) is in the "low" state at the falling edges of RAS and CAS, only 
the conventional multiport DRAM operating features can be invoked: CAS-before-RAS refresh, write transfer, 
pseudo-write transfer, read transfer and read write modes. If the DSF input is "high" at the falling edge of RAS, 
special features such as split write transfer, split read transfer, flash write and load color register can be invoked. 
If the DSF input is "low" at the falling edge of RAS and "high" at the falling edge of CAS, the block write special 
feature can be invoked. 
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RAM PORT OPERATION 



FAST PAGE MODE CYCLE 



Fast page mode allows data to be transferred into or out of multiple column locations of the same row by 
performing multiple CAS cycle during a single active RAS cycle. During a fast page cycle, the RAS signal may 
be maintained active for a period up to 100 jiseconds. For the initial fast page mode access, the output data is 
valid after the specified access times from RAS, CAS, column address and DT/OE. For all subsequent fast page 
mode read operations, the output data is valid after the specified access times from CAS, column address and 
DT/OE, When the write-per-bit function is enabled, the mask data latched at the falling edge of RAS is 
maintained throughout the fast page mode write or read-modify-write cycle. 



The data in the DRAM requires periodic refreshing to prevent data loss. Refreshing is accomplished by 
performing a memory cycle at each of the 512 rows in the DRAM array within the specified 8ms refresh period. 
Although any normal memory cycle will perform the refresh operation, this function is most easily 
accomplished with "RAS-Only" cycle. 



The TC524258BJ/BZ also offers an internal-refresh function. When CAS is held "low" for a specified 
period (t CSR ) before RAS goes "low", an internal refresh address counter and on-chip refresh control clock 
generators are enabled and an internal refresh operation takes place. When the refresh operation is completed, 
the internal refresh address counter is automatically incremented in preparation for the next CAS-before-RAS 
cycle. For successive CAS-before-RAS refresh cycle, CAS can remain "low" while cycling RAS. 



A hidden refresh is a CAS-before-RAS refresh performed by holding CAS "low" from a previous read 
cycle. This allows for the output data from the previous memory cycle to remain valid while performing a 
refresh. The internal refresh address counter provides the address and the refresh is accomplished by cycling 
RAS after the specified RAS-precharge period (Refer to Figure 1) 



RAS-ONLY REFRESH 



CAS-BEFORE-RAS REFRESH 



HIDDEN REFRESH 



RAS 




Memory Cycle 




Refresh Cycle 




Refresh Cycle 



/ 



CAS 



\ 



W1/I01 



< 



> 



W4/I04 



Valid Data Output 



Figure 1. Hidden Refresh Cycle 
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WRITE-PER-BIT FUNCTION 

The write-per-bit function selectively controls the internal write-enable circuits of the RAM port. When 
WB / WE is held "low" at the falling edge of RAS, during a random access operation, the write-mask is enabled. 
At the same time, the mask data on the Wi / IOi pins is latched onto the write-mask register (WM1). When a "0" 
is sensed on any of the Wi / IOi pins, their corresponding write circuits are disabled and new data will not be 
written, When a " 1 " is sensed on any of the Wi / IOi pins, their corresponding write circuits will remain enabled 
so that new data is written. The truth table of the write-per-bit function is shown in Table 3. 

Table 3. Truth table for write-per-bit function 



At the falling edge of RAS 


Function 


CAS 


DT/OE 


WB/WE 


Wi/IOi (i=l~4) 


H 


H 


H 


* 


Write Enable 


H 


H 


.L 


1 


Write Enable 





Write Mask 



An example of the write-per-bit function illustrating its application to displays is shown in Figures 2 and 3. 



RAS 
CAS 
Ao~A8 
DT/OE 
DSF 
WB/WE 
Wt/IOi 



W 2 /I0 2 ^ Write 
W 3 /I0 3 ^Mgsk 



CRT Display 







M Row « Co,u 


- mumm 






% 
















m Mask m///////////////^^^^^ 







"1" Write 



W4/IO4 MwnST 



"0" Write 



Wi/IOj-L : Write Mask 
Wi/IOi = H : Write 
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• 
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• 
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aaaanaaciciaB 




0|0|0|0|»|OlO|Q|0|»lO|0 
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•] 










• 


























































o#oo 



0" Write 
No Write (Masked) 
"1" Write 
No Write (Masked) 



Figure 2. Write-per-bit timing cycle 



Figure 3. Corresponding bit-map 



C-38 



TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



TC524258B 



LOAD COLOR REGISTER/READ COLOR REGISTER 

The TC524258B is provided with an on-chip 4-bits register (color register) for use during the flash write 
or block write operation. Each bit of the color register corresponds to one of the DRAM I/O blocks. The load 
color register cycle is initiated by holding CAS, WB/WE, DT/OE and DSF "high" at the falling edge of RAS. 
The data presented on the Wj/IO; lines is subsequently latched into the color register at the falling edge of either 
CAS or WB/WE, whichever occurs last. The data stored in the color register can be read out by performing a 
read color register cycle. This cycle is activated by holding CAS, WB/WE, DT/OE and DSF "high" at the falling 
edge of RAS and by holding WB/WE "high" at the falling edge of CAS and throughout the remainder of the 
cycle. The data in the color register becomes valid on the Wj/IO, lines after the specified access times from RAS 
and DT/OE are satisfied. During the load/read color register cycle, valid A ~A 8 row addresses are not required, 
but the memory cells on the row address latched at the falling edge of RAS are refreshed. 

FLASH WRITE 

Flash write is a special RAM port write operation which in a single RAS cycle, allows for the data in the 
color register to be written into all the memory locations of a selected row. Each bit of the color register 
corresponds to one of the DRAM I/O blocks and the flash write operation can be selectively controlled on an 1/ 
O basis in the same manner as the write-per-bit operation. 

A flash write cycle is performed by holding CAS "high", WB/WE "low" and DSF "high" at the falling 
edge of RAS. The mask data must also be provided on the Wj/IOj lines at the falling edge of RAS in order to 
enable the flash write operation for selected I/O blocks (Refer to Figure 4 and 5). 

Flash write is most effective for fast plane clear operations in frame buffer applications. Selected planes 
can be cleared by performing 512 flash write cycle and by specifying a different row address location during 
each flash write cycle (Refer to Figure 6). Assuming a cycle time of 180ns, a plane clear operation can be 
completed in less than 92.2 u.seconds. 



1 



RAS 
CAS 
A0-A8 
WB/WE ^ it 



DSF 



Wj/IO, 



WM1 H: Write 

I : Write Inhibit 




Register ^.rt] 



Write Enable Write Disable 



Figure 4. Flash Write Timing 



Figure 5. Flash Write 
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Clear 



Figure 6. Plane clear application example 

BLOCK WRITE 

Block write is also a special RAM port write operation which, in a single RAS cycle, allows for the data 
in the color register to be written into 4 consecutive column address locations starting from a selected column 
address in a selected row. The block write operation can be selectively controlled on an I/O basis and a column 
mask capability is also available. 

A block write cycle is performed by holding CAS, DT/OE "high" and DSF "low" at the falling edge of 
RAS and by holding DSF "high" at the falling edge of CAS. The state of the WB/WE input at the falling edge 
of RAS determines whether or not the I/O data mask is enabled (WB/WE must be "low " to enable the I/O data 
mask or "high" to disable it). At the falling edge of RAS, a valid row address and I/O mask data are also 
specified. At the falling edge of CAS, the starting column address location and column mask data must be 
provided. During a block write cycle, the 2 least significant column address locations (AOC and A1C) are 
internally controlled and only the seven most significant column addresses (A2C-A8C) are latched at the falling 
edge of CAS. (Refer to Figure 7). 

An example of the block write function is shown in Figure 8 with a data mask on Wj~ /IOj, W 4 / 10 4 and 
column 2. Block write is most effective for window clear and fill operation in frame buffer applications, as 
shown in the examples in Figure 9. 



RAS 
CAS 



1 



A0~A8 ^ ( Row Column A2QA8C 




Column Select 



Wt /IOi : Column 
W 2 /I0 2 : Column 1 I H : Write 
W3/IO3 : Column 2 f L : Write Mask 
W4/IO4 : Column 3 



Figure 7. Block Write Timing 
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Mask Data 


Column 
' Select 


Color 
Resister 
Data 


W^IO, 





1 





W 2 /I0 2 


1 


1 





W3/I03 


1 





1 


W4/I04 





1 


1 




.Mask 



.Mask 



Figure 8. Example of Block Write Operation 
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Figure 9. Examples of Block Write Application 

FAST PAGE MODE BLOCK WRITE CYCLE 

Fast page mode block write can be used to perform high speed clear and fill operations. The cycle is 
initiated by holding the DSF signal "low" at the falling edge of RAS and a fast page mode block write is 
performed during each subsequent CAS cycle with DSF held "high" at the falling edge of CAS. 

If the DSF signal is "low" at the falling edge of CAS, a normal fast page mode read / write operation will 
occur. Therefore a combination of block write and read / write operations can be performed during a fast page 
mode block write cycle. Refer to the example shown in Figure 10. 




Block Write Cycle Read /Write Cycle Block Write Cycle 

Figure 10. Fast Page Mode Block Write Cycle 
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SAM PORT OPERATION 

The TC524258B is provided with 512 words by 4 bits serial access memory (SAM) which can be operated 
in the single register mode or the split register mode. 

SINGLE REGISTER MODE 

When operating in the single register mode, high speed serial read or write operations can be performed 
through the SAM port independent of the RAM port operations, except during read / write / pseudo-write 
transfer cycles. The preceding transfer operation determines the direction of data flow through the SAM port. If 
the preceding transfer operation is a read transfer, the SAM port is in the output mode. If the preceding transfer 
operation is a write or pseudo write transfer, the SAM port is in the input mode. The pseudo write transfer 
operation only switches the SAM port from output mode to input mode; Data is not transferred from SAM to 
RAM. 

Serial data can be read out of the SAM port after a read transfer (RAM-»SAM) has been performed. The 
data is shifted out of the SAM port starting at any of the 512 bits locations. The TAP location corresponds to the 
column address selected at the falling edge of CAS during the read transfer cycle. The SAM registers are 
configured as circular data registers. The data is shifted out sequentially starting from the selected tap location 
to the most significant bit and then wraps around to the least significant bit, as illustrated below. 



Start address : Tap location 








1 


2 




4- 






509 


510 


511 































Subsequent real-time read transfer may be performed on-the-fly as many times as desired, within the 
refresh constraints of the DRAM array. Simultaneous serial read operation can be performed with some timing 
restrictions. A pseudo write transfer cycle is performed to change the SAM port from output mode to input mode 
in order to write data into the serial registers through the SAM port. A write transfer cycle must be used 
subsequently to load the SAM data into the RAM row selected by the row address at the falling edge of RAS. 
The starting location in the SAM registers for the next serial write is selected by the column address at the falling 
edge of CAS. The truth table for single register mode SAM operation is shown in Table 4. 



C-42 



TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



TC524258B 



Table 4. Truth Table for SAM Port Operation 



SAM PORT 
OPERATION 


DT/OE at the 
falling edge of RAS 


SC 


SE 


FUNCTION 


Preceded by a 


Serial Output Mode 


H 


_TL 


L 


Enable Serial Read 


Read Transfer 


H 


Disable Serial Read 


Serial Input Mode 


_TL 


L 


Enable Serial Write 


Write Transfer 


H 


Disable Serial Write 


Serial Inut Mode 




L 


Enable Serial Write 


Pseudo Write Transfer 


H 


Disable Serial Write 



SPLIT REGISTER MODE 

In split register mode, data can be shifted into or out of one half of the SAM while a split read or split write 
transfer is being performed on the other half of the SAM. A normal (Non-split) read / write / pseudo write 
transfer operation must precede any split read / write transfer operation. The non-split read, write and pseudo 
write transfer will set the SAM port into output mode or input mode. The split read and write transfers will not 
change the SAM port mode set by preceding normal transfer operation. RAM port operation may be performed 
independently except during split transfers. In the split register mode, serial data can be shifted in or out of one 
of the split SAM registers starting from any at the 256 tap locations, excluding the last address of each split 
SAM, data is shifted in or out sequentially starting from the selected tap location to the most significant bit (255 
or 51 1) of the first split SAM and then the SAM pointer moves to the tap location selected for the second split 
SAM to shift data in or out sequentially starting from this tap location to the most significant bit (511 or 255) 
and finally wraps around to the least significant bit, as illustrated in the example below. 



Tap location Tap location 













*- 
































































- 














12 255 


256 


511 



REFRESH 

The SAM data registers are static flip-flop, therefore a refresh is not required. 
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DATA TRANSFER OPERATION 

The TC524258B features two types of internal bidirectional data transfer capability between RAM and the 
SAM, as shown in Figure 11. During a normal (Non-split) transfer, 512 words by 4 bits of data can be loaded 
from RAM to SAM (Read Transfer) or from SAM to RAM (Write Transfer). During a split transfer, 256 words 
by 4 bits of data can be loaded from the lower / upper half of the RAM into the lower / upper half of the SAM 
(Split Read Transfer) or from the lower/upper half of the SAM into the lower/upper half of the RAM (Split Write 
Transfer). The normal transfer and split transfer modes are controlled by the DSF special function input signal 



512 columns 



256 columns 256 columns 



512 
rows 



512x512x4 
Memory Cell Array 



512 
rows 







512x4 



Memory 
Cell Array 


512x256x4 
Memory 
Cell Array 


ft ft 


256x4 -, 


256x4 



Figure 1 1 . (a) Normal (Non-split) Transfer 



(b) Split Transfer 



As shown in Table 5, the TC524258B supports five types of transfer operations: Read transfer, Split read 
transfer, Write transfer, Split write transfer and Pseudo write transfer. Data transfer operations between RAM 
and SAM are invoked by holding the DT/OE signal "low" at the falling edge of RAS. The type of data transfer 
operation is determined by the state of CAS, WB/WE, SE and DSF latched at the falling edge of RAS. During 
normal (Non-split) data transfer operations, the SAM port is switched from input to output mode (Read transfer) 
or output to input mode (Write transfer / Pseudo write transfer) whereas it remains unchanged during split 
transfer operations (Split read or split write transfers). During a data transfer cycle, the row address Ao~A 8 select 
one of the 5 12 rows of the memory array to or from which data will be transferred and the column address A ~A 8 
select one of the tap locations in the serial register. The selected tap location is the start position in the SAM port 
from which the first serial data will be read out during the subsequent serial read cycle or the start position in 
the SAM port into which the first serial data will be written during the subsequent serial write cycle. During split 
data transfer cycles, the most significant column address (A8C) is controlled internally to determine which half 
of the serial register will be reloaded from the RAM array. 
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Table 5. Transfer Modes 



at the falling edge of RAS 


Transfer Mode 


Transfer Direction 


Transfer Bit 


SAM Port Mode 


CAS 


DT/OE 


WB/W! 


SE 


DSF 


H 


L 


H 


* 


L 


Read Transfer 


RAM -> SAM 


512x4 


Input — > Output 


H 


L 


L 


L 


L 


Write Transfer 


SAM -> RAM 


512x4 


Output — > Input 


H 


L 


L 


H 


L 


Pseudo Write Transfer 






Output — > Input 


H 


L 


H 


* 


H 


Split Read Transfer 


RAM -> SAM 


256x4 


Not changed 


H 


L 


L 




H 


Split Write Transfer 


SAM -» RAM 


256x4 


Not changed 



* : "H" or "L" 



READ TRANSFER CYCLE 

A read transfer consists of loading a selected row of data from the RAM array into the SAM register. A 
read transfer is invoked by holding CAS "high", DT/OE "low" WB/W! "high" and DSF "low" at the falling 
edge of RAS. The row address selected at the falling edge of RAS determines the RAM row to be transferred 
into the SAM. The transfer cycle is completed at the rising edge of DT/OE. When the transfer is completed, the 
SAM port is set into the output mode. In a read / real time read transfer cycle, the transfer of a new row of data 
is completed at the rising edge of DT/OE and this data becomes valid on the SIO lines after the specified access 
time t SCA from the rising edge of the subsequent serial clock (SC) cycle. The start address of the serial pointer 
of the SAM is determined by the column address selected at the falling edge of CAS. 

Figure 12 shows the operation block diagram for read transfer operation. 



SAM Start Address 



ON 



OFF 



TTTTTT? 



1111 



SAM 



A 



Serial Read 



512x4bits 



512x512x4 bits 
Memory Cell Array 



Selected Row 



Figure 12. Block Diagram, for Read Transfer Operation 



In a read transfer cycle (which is preceded by a write transfer cycle), the SC clock must be held at a 
constant V IL or V 1H , after the SC high time has been satisfied. A rising edge of the SC clock must not occur until 
after the specified delay t TSD from the rising edge of DT/OE, as shown in Figure 13. 
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RAS 
CAS 
A0~A8 ^ 
WB/WE 



DSF 
SC 
SIO 





MM row W//M 


[ SAM Start 




^^^^ 






W/////M 


y/m ■» mm 


^^^^^ 






W/////////A 




WW////, 


W//A 1l / 




/ 


W//////////A 


W///////M. 




W////M 


w//a il mm 






WW////////////, 


W//////M 



\ Inhibit Rising Transition j \ / -^ \ F 
j .*TSP , j ^ 



- < pout r 



Figure 13. Read Transfer Timing 

In a real time read transfer cycle (which is preceded by another read transfer cycle), the previous row data 
appears on the SIO lines until the DT/OE signal goes "high" and the serial access time t SCA for the following 
serial clock is satisfied. This feature allows for the first bit of the new row of data to appear on the serial output 
as soon as the last bit of the previous row has been strobed without any timing loss. To make this continuous 
data flow possible, the rising edge of DT/OE must be synchronized with RAS, CAS and the subsequent rising 
edge of SC (t RXH , t^^, and t TSI /t TSD must be satisfied), as shown in Figure 14. 

The timing restriction t XSL / t TSD are 5ns min / 15ns min. The split read transfer mode eliminates these 
timing restrictions. 



RAS 
CAS 
Ao~A8 
WB/WE 



DSF m 









■ 


1 




tRTH" *- 






H 


1 













W////M 


H ^^^^^ 










W/////A 












W/////A j 






trsi=5ns_J — ; 


P lTSD=' 5ni 



SIOi~SI0 4 



j — x — )CZZX 



Previous Row Data 



•New Row Data 



Figure 14. Real Time Read Transfer 
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WRITE TRANSFER CYCLE 

A write transfer cycle consist of loading the content of the SAM register into a selected row of the RAM 
array. If the SAM data to be transferred must first be loaded through the SAM port, a pseudo write transfer 
operation must precede the write transfer cycles. However, if the SAM port data to be transferred into the RAM 
was previously loaded into the SAM via a read transfer, the SAM to RA M tran sfer can be executed simply by 
performing a write transfer directly. A write transfer is invoked by holding CAS "high", DT/OE "low", WB/WE 
"low", SE "low" and DSF "low" at the falling edge of RAS. This write transfer is selectively controlled per 
RAM I/O block by setting the mask data on the W/IO; lines at the falling edge of RAS (same as in the write- 
per-bit operation). Figure 15 and 16 show the timing diagram and block diagram for write transfer operations, 
respectively. 




SIOi~SI0 4 Dataln)TDataln } 

DSF 7> 



{ Data In fbata In X ~ 



Mask Data f : Not Transferred 
I 1 : Transferred 



Figure 15. Write Transfer Timing 



The row address selected at the falling edge of RAS determines the RAM row address into which the data 
will be transferred. The column address selected at the falling edge of CAS determines the start address of the 
serial pointer of the SAM. After the write transfer is completed, the SIO lines are set in the input mode so that 
serial data synchronized with the SC clock can be loaded. 
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SAM Start Address 



Q siOi-siO/, 



mi 



A ~A 8 



512x512x4bits 
Memory Cell Array 



W,/IOi W 2 /I0 2 W3/IO3 W 4 /I0 4 



mm 



r 



■ Selected Mask 
Row Data 



on 




Figure 16. Block Diagram for Write Transfer Operation 

When consecutive write transfer operations are performed, new data must not be written into the serial 
register until the RAS cycle of the preceding write transfer is completed. Consequently, the SC clock must be 
held at a constant Vj L or V IH during the RAS cycle. A rising edge of the SC Clock is only allowed after the 
specified delay t SRD from the rising edge of RAS, at which time a new row of data can be written in the serial 
register. 

PSEUDO WRITE TRANSFER CYCLE 

A pseudo write transfer cycle must be performed before loading data into the serial register after a read 
transfer operation has been executed. The only purpose of a pseudo write transfer is to change the SAM port 
mode from output mode to input mode (A data transfer from SAM to RAM does not occur). After the serial 
register is loaded with new data, a write transfer cycle must be performed to transfer the data from SAM to 
RAM. A pseudo write transfer is invoked by holding CAS "high", DT/OE "low", WB/WE "low", SE "high" 
and DSF "low" at the falling edge of RAS. The timing conditions are the same as the one for the write transfer 
cycle except for the state of SE at the falling edge of RAS. 

SPLIT DATA TRANSFER AND QSF 

The TC524258B features a bi-directional split data transfer capability between the RAM and the SAM. 
During split data transfer operation, the serial register is split into two halves which can be controlled 
independently. Split read or split write transfer operations can be performed to or from one half of the serial 
register while serial data can be shifted into or out of the other half of the serial register, as shown in Figure 17. 
The most significant column address location (A8C) is controlled internally to determines which half of the 
serial register will be reloaded from the RAM array. QSF is an output in which indicates which half of the serial 
register is in an active state. QSF changes state when the last SC clock is applied to active split SAM, as shown 
in Figure 18. 
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256 columns 256 columns 



512 
rows 









% 256 bit ^ 
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256 bit 



Active Non-Active 

Figure 17. Split Register Mode 



Last SC 
(255) 



SC 



First SC 




Last SC 
(511) 



._ru 



"high" 



QSF 



"low" 



lower SAM : Active 



First SC 




"low" 



upper SAM : Active 



lower SAM : Active 



Figure 18. QSF Output State During Split Register Mode 

SPLIT READ TRANSFER CYCLE 

A split read transfer consists of loading 256 words by 4 bits of data from a selected row of the split RAM 
array into the corresponding non-active split SAM register. 

Serial data can be shifted out of the other half of the split SAM register simultaneously. The block diagram 
and timing diagram for split read transfer mode are shown in Figure 19 and 20, respectively. During split read 
transfer operation, the RAM port input clocks do not have to be synchronized with the serial clock SC, thus 
eliminating timing restrictions as in the case of on-the-fly read transfers. A split read transfer can be performed 
after a delay of t STS , from the change of state of the QSF output, is satisfied. 
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Figure 19. Block Diagram for Split Read Transfer 
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Figure 20. Timing Diagram for Split Read Transfer 



A normal (Non-split) read transfer operation must precede split read transfer cycles as shown in the 
example in Figure 21 . 



RAS 
SC 
QSF 






7 y j y y y 



Figure 21. Example of Consecutive Read Transfer Operations 
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SPLIT WRITE TRANSFER CYCLE 

A split write transfer consists of loading 256 words by 4 bits of data from the non-active split SAM register 
into a selected row of the corresponding split RAM array. 

Serial data can be shifted into the other half of the split SAM register simultaneously. The block diagram 
and timing diagram for split write transfer mode are shown in Figure 22 and 23, respectively. During split write 
transfer operation, the RAM port input clocks do not have to be synchronized with the serial clock SC, thus 
allowing for real time transfer. A split write transfer can be performed after a delay of t STS , from the change of 
state of the QSF output, is satisfied. 




Figure 22. Block Diagram for Split Write Transfer 
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Figure 23. Timing Diagram for Split Write Transfer 
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A pseudo write transfer operation must precede split transfer cycles as shown in the example in Figure 24. 
The purpose of the pseudo write transfer operation is to switch the SAM port from output mode to input mode 
and to set the initial tap location prior to split write transfer operations. 




Figure 24. Example of Consecutive Write Transfer Operations 



SPLIT-REGISTER OPERATION SEQUENCE (EXAMPLE) 

Split read / write transfers must be preceded by a normal (Non-split) transfer such as a read, write or 
pseudo write transfer. Figure 25 illustrates an example of split register operation sequence after device power- 
up and initialization. After power-up, a minimum of 8 RAS and 8 SC clock cycles must be performed to properly 
initialize the device. A read transfer is then performed and the column address latched at the falling edge of CAS 
sets the SAM tap pointer location which up to that point was in an undefined location. Subsequently, the pointer 
address is incremented by cycling the serial clock SC from the starting location to the last location in the register 
(address 511) and wraps around to the tap location set by the split read transfer performed for the lower SAM 
while the upper SAM is being accessed. The SAM address is incremented as long as SC is clocked. The 
following split read transfer sets a new tap location in the upper split SAM register address 256 in this example 
and the pointer is incremented from this location by cycling the SC clock. ( > ; I I 
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Figure 25. Example of Split SAM Register Operation Sequence 

The next operation is a pseudo write transfer which switches the SAM port from output mode to input 
mode in preparation for either write transfers or split write transfers. The column address latched at the falling 
eclge of CAS during the pseudo write transfer sets the serial register tap location. Serial data will be written into 
the SAM starting from this location. 



TRANSFER OPERATION WITHOUT CAS 

During all transfer cycles, the CAS input clock must, be cycled, so that the column address are latched at 
the falling edge of CAS, to set the SAM tap location. If CAS was maintained at a constant "h igh" l evel during 
a transfer cycle, the SAM pointer location would be undefined. Therefore a transfer cycle with CAS held "high" 
is not allowed (Refer to the illustration below). 
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TAP LOCATION SELECTION IN SPLIT TRANSFER OPERATION 

(a) In a split transfer operation, column addresses AOC through A7C must be latched at the falling edge of 
CAS in order to set the tap location in one of the split SAM registers. During a split transfer, column 
address A8C is controlled internally and therefore it is ignored internally at the falling edge of CAS. 
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CAS 



Addresses y, 



Row 



I 



Tap address 



A0R-A8R 



A0C~A7C (A8C is don't care:High or Low) 



During a split transfer, it is not allowed to set the last address location (A0C~A7C=FF), in either the 
lower SAM or the upper SAM, as the tap location. 

(b) In the case of multiple split transfers performed into the same split SAM register, the tap location 
specified during the last split transfer, before QSF toggles, will prevail. In the example shown below, 
multiple split transfers are performed into the upper SAM (Non-active) while the lower SAM (active) 
is being accessed at the time when QSF toggles, the first SC serial clock will start shifting serial data 
starting from the Tap N address location. 
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SPLIT READ / WRITE TRANSFER OPERATION ALLOWABLE PERIOD 

Figure 26 illustrates the relationship between the serial clock SC and the special function output QSF 
during split read / write transfers and highlights the time periods where split transfers are allowed, relative to SC 
and QSF. 



Last First 
Clock Clock 

* _n_n_n. 



Last First 
Clock Clock 



Last First 
Clock Clock 




Figure 26. Split Transfer Operation Allowable Periods 
As indicated in Figure 26, a split read / write transfer is not allowed during the period of t SXH + t STS . 

SPLIT TRANSFER CYCLE AFTER NORMAL TRANSFER CYCLE 

A split transfer may be performed following a normal transfer (Read / Write / Pseudo-write transfer) 
provided that a minimum delay of 30ns from the rising edge of the first clock SC is satisfied (Refer to the 
illustration shown below). 
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NORMAL READ TRANSFER CYCLE AFTER NORMAL READ TRANSFER 
CYCLE 

Another read transfer may be performed following the read transfer provided that a minimum delay of 
30ns from the rising edge of the first clock SC is satisfied (Refer to the illustration shown below). 



RAS 
CAS" 
dT/oT 

DSF 
QSF 
SC 



\ r 



Transfer Operation 



"\ r 



r\jrur\s\s\T\s\. 



!30ns! 



Next Transfer 



Not Allowed 



Next Transfer Operation is allowed. 



NORMAL TRANSFER AFTER SPLIT TRANSFER 

A normal transfer (read / write / pseudo write) may be performed following split transfer operation 
provided that a 30ns minimun delay is satisfied after the QSF signal toggles. 
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-Normal Transfer Operation Allowed 



C-56 



TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



TC524258B 



POWER-UP 

Power must be applied to the RAS and DT/OE input signals to pull them "high" before or at the same time 
as the V cc supply is turned on. After power-up, a pause of 200, (iseconds minimum is required with RAS and 
DT/OE held "high". After the pause, a minimum of 8 RAS and 8 SC dummy cycles must be performed to 
stabilize the internal circuitry, before valid read, write or transfer operations can begin. During the initialization 
period, the DT/OE signal must be held "high". If the internal refresh counter is used, a minimum 8 CAS-before- 
RAS initialization cycles are required instead of 8 RAS cycles. 

INITIAL STATE AFTER POWER-UP 

When power is achieved with RAS, CAS, DT/OE and WB/WE held "high", the internal state of the 
TC524258B is automatically set as follows. 

However, the initial state can not be guaranteed for various power-up conditions and input signal levels. 
Therefore, it is recommended that the initial state be set after the initialization of the device is performed (200 
^seconds pause followed by a minimum of 8 RAS cycles and 8 SC cycles) and before valid operations begin. 
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target spec 



SILICON GATE CMOS 
262, 144WORDS X 4BITS MULTIPORT DRAM 

DESCRIPTION 

The TC524259B is a CMOS multiport memory equipped with a 262,144-words by 4-bits dynamic random 
access memory (RAM) port and a 5 12-words by 4-bits static serial access memory (SAM) port. The TC524259B 
supports three types of operations; Random access to and from the RAM port, high speed serial access to and 
from the SAM port and bidirectional transfer of data between any selected row in the RAM port and the SAM 
port. The RAM port and the SAM port can be accessed independently except when data is being transferred 
between them internally. In addition to the conventional multiport video RAM operating modes, the 
TC524259B features the block write functions on the RAM port and a split register data transfer capability on 
the SAM port. The TC524259B is fabricated using Toshiba's CMOS silicon gate process as well as advanced 
circuit designs to provide low power dissipation and wide operating margins. 



FEATURES 

• Single power supply of 5V± 10% with a built 
in V BB generator 

• All inputs and outputs : TTL Compatible 

• Organization 

RAM Port : 262,144wordsX4bits 
SAM Port : 512wordsX4bits 

• RAM Port 

Fast Page Mode Read - Modify - Write CAS 
before RAS Refresh, Hidden Refresh RAS 
only Refresh, Write per Bit 1&2 Block Write , 
Block Write (Mask 1&2) 512 refresh cycles / 
8ms 

• SAM Port 

High Speed Serial Read / Write Capability 
512 Tap Locations 
Fully Static Register 

• RAM- SAM Bidirectional Transfer 
Read / Write / Pseudo Write Transfer 
Real Time Read Transfer 

Split Read Transfer 

• Package 

TC524259BJ : SOJ28 - P-400 
TC524259BZ : ZIP28 - P-400 



KEY PARAMETERS 



ITEM 


TC524259B 


— 80 


— 10 


l RAC 


RAS Access Time 
(Max.) 


80ns 


100ns 


*CAC 


CAS Access Time 
(Max.) 


25ns 


25ns 


l AA 


Column Address Access 
Time (Max.) 


45ns 


50ns 


l RC 


Cycle Time (Min.) 


150ns 


180ns 


tpc 


Page Mode Cycle Time 
(Min.) 


50ns 


55ns 


l SCA 


Serial Access Time 
(Max.) 


25ns 


25ns 


hcc 


Serial Cycle time (Min.) 


30ns 


30ns 


IfJCl 


RAM Operating Current 
(SAM : Standby) 


85mA 


70mA 


CC2A 


SAM Operating Current 
(RAM : Standby) 


50mA 


50mA 


IfJC2 


Standby Current 


10mA 


10mA 
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PIN NAME 



A0-A8 


Address inputs 


RAS 


Row Address Strobe 


CAS 


Column Address Strobe 


DT/OE 


Data Transfer/Output Enable 


WB/WE 


Write per Bit/Write Enable 


DSF 


Special Function Control 


Wl/lOl -W4/I04 


Write Mask/Data IN, OUT 


SC 


Serial Clock 


SE 


Serial Enable 


S101-S104 


Serial Input/Output 


QSF 


Special Flag Output 


Vcc/Vss 


Power(5V)/Ground 


N.C. 


No Connection 



PIN CONNECTION (TOP VIEW) 



TC524259BJ TC524259BZ 



SC 


C 


o 


28 


3 


Vss 


DSF 


III] 


ZY. 


W3/I03 


SI01 


C 


2 


27 


] 


SI04 


W4/I04 




ZY. 


SE 


SI02 


C 




26 


] 


SI03 


SI03 


IjC 

— i 


zi: 


SI04 


DT/OE 


C 


4 


25 


] 


SE 


Vss 


-_7-i 




SC 


W1/I01 


[ 


5 


24 


] 


W4/I04 


SI01 


Ia3 


:ix>: 


SI02 


W2/I02 


[ 


6 


23 


] 


W3/I03 


DT/OE 






W1/I01 


WB/WE 


c 


7 


22 


3 


DSF 


W2/I02 






WB/WE 


NC 


c 


8 


21 


3 


CAS 


NC 


IDS 




RAS 


RAS 


c 


9 


20 


3 


QSF 


A8 


nix 


A6 


A8 


[ 


10 


19 


3 


AO 


A5 


lis: 


a: 


A4 


A6 


[ 


11 


18 


3 


A1 


v C c 




ZzY 


A7 


A5 


c 


12 




3 


A2 


A3 


:a 


■a: 


A2 


A4 


c 


13 


16 


3 


A3 


A1 




cs: 


AO 


Vcc 


c 


14 


15 


3 


A7 


QSF 


IS! 


[28: 


CAS 
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W1/I01-W4/I04 
? ? ? ? 



SI01~SI04 

? ? ? y 




WRITE 


WRITE-PER 


CONTROL 


BIT 




WM1 
REGISTER 
(4bit) 



TRANSFER 
CONTROL 



512x512x4 
CELL 
ARRAY 



512 
I I I 



QSF 



ROW DECODER 



2E 



Vcc 

R 

-O— °QSF 
Open 

drain output 



SERIAL ADDRESS 
COUNTER (9bits) 



IT 



COLUMN ADDRESS 
BUFFER (9bits) 



ROW ADDRESS 
BUFFER Obits) 



rTTTTTm 

A0-A8 



REFRESH 
COUNTER 



Vcc v ss 
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ABSOLUTE MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


NOTE 


Vin> V oux 


Input Output Voltage 


— 1.0-7.0 


V 




V C c 


Power Supply Voltage 


— 1.0-7.0 


V 




Topr 


Operating Temperature 


0-70 


°c 




TsTG 


Storage Temperature 


— 55-150 


°c 




T SOLDER 


Soldering Temperature • Time 


260*10 


°C»sec 




P D 


Power Dissipation 


1 


W 




Iqut 


Short Circuit Output Current 


50 


mA 





RECOMMENDED D.C. OPERATING CONDITIONS (Ta = 0~70°C) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


NOTE 


V CC 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


2 


Vih 


Input High Voltage 


2.4 




6.5 


V 


2 


Vil 


Input Low Voltage 


- 1.0 




0.8 


V 


2 



+: -IV 20ns Pulse width 



CAPACITANCE (V cc = 5V, f = 1MHz, Ta = 25°C) 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNIT 


C 

l 


Input Capacitance 




7 


pF 


C 

IO 


Input/Output Capacitance 




9 


Co 


Output Capacitance (QSF) 




9 



Note: This parameter is periodically sampled and is not 100% tested. 
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D.C. ELECTRICAL CHARACTERISTICS (VCC = 5V + 10%, Ta = 0~70°C) 



ITEM (RAM PORT) 


SAM PORT 


SYMBOL 




80 


UNIT 


NOTE 


MIN. 


MAX. 


OPERATING CURRENT 
/RAS,CASCycling\ 
\ t RC = t RC min - / 


Standby 


l CCl 


— 


85 




3,4 


Active 


JCCIA 


— 


125 




3,4 


STANDBY CURRENT 
RAS, CAS - V IH 


Standby 


! CC2 


— 


10 






Active 


!CC2A 


— 


50 




3,4 


RAS ONLY REFRESH CURRENT 
/RAS Cycling, CAS - V IH \ 
^t R c = tR C min. J 


Standby 


!CC3 


— 


85 




3,4 


Active 


!CC3A 


— 


125 




3,4 


PAGE MODE CURRENT 

/ RAS - V IL , CAS Cycling \ 
\tpc = t RC min. J 


Standby 


r CC4 


— 


75 


mA 


3,4 


Active 


X CC4A 


— 


115 


3,4 


CAS BEFORE RAS REFRESH CURRENT 
/ RAS Cycling, CAS Before RAS\ 
^tRC = tRC min - J 


Standby 


!CC5 


— 


85 




3,4 


Active 


r CC5A 


— 


125 




3,4 


DATA TRANSFER CURRENT 
/RAS, CAS Cycling\ 
V t RC = t RC min - ) 


Standby 


l CC6 




105 




3,4 


Active 


X CC6A 




145 




3,4 


BLOCK WRITE CURRENT 
/RAS, CAS Cycling \ 
\ l RC = l RC min - ) 


Standby 


l CCS 




95 




3,4 


Active 


l CCSA 




135 




3,4 



ITEM 


SYMBOL 


MIN. 


MAX 


UNIT 


NOTE 


INPUT LEAKAGE CURRENT 

0V < V IN < 6.SV, All other pins not under test = 0V 


! I(L) 


—10 


10 


(lA 




OUTPUT LEAKAGE CURRENT 
0V < V OUT < 5 .5 V, OutputDisable 


l O(h) 


—10 


10 


HA 




OUTPUT "H" LEVEL VOLTAGE 

^UT = " 2mA 


V OH 


2.4 




V 




OUTPUT "L" LEVEL VOLTAGE 

loUT = 2mA 


Vol 




0.4 


V 




OUTPUT "L" LEVEL VOLTAGE 
Iqut = 6mA 


Vql (qsf) 




0.4 


V 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS (V cc = 5V±10%, Ta = 0~70°C)(Notes: 5, 6, 7) 



SYMBO 


PA P A X/IThTThP 
JrAKAJYUi 1 CK 


-80 


T TMTT 




L 


MIN. 


MAX. 


*RC 


Random Read or Write Cycle Time 


150 








*RMW 


Read-Modify- Write Cycle Time 


195 








tpc 


Fast Page Mode Cycle Time 


50 








tpRMW 


Fast Page Mode Read-Modify- Write Cycle 
Time 


90 








l RAC 


Access Time from RAS 




80 




8,14 


l AA 


Access Time from Column Address 




45 




8,14 


*CAC 


Access Time from CAS 




25 




8,15 


tcPA 


Access Time from CAS Precharge 




45 




8,15 


toFF 


Output Buffer Turn-Off Delay 





20 




10 


t T 


Transition Time (Rise and Fall) 


3 


35 




7 


*RP 


RAS Precharge Time 


60 








l RAS 


RAS Pulse Width 


80 


10000 






tRASP 


RAS Pulse Width (Fast Page Mode Only) 


80 


100000 






l RSH 


RAS Hold Time 


25 








tcSH 


CAS Hold Time 


80 








l CAS 


CAS Pulse Width 


25 


10000 






l RCD 


RAS to CAS Delay Time 


20 


55 


ns 


14 


l RAD 


RAS to Column Address Delay Time 


15 


35 


14 


*RAL 


Column Address to RAS Lead Time 


45 








tcRP 


CAS to RAS Precharge Time 


10 








tcPN 


CAS Precharge Time 


10 








tcp 


CAS Precharge Time (Fast Page Mode) 


10 








l ASR 


Row Address Set-Up Time 











*RAH 


Row Address Hold Time 


10 








l ASC 


Column Address Set-Up Time 











*CAH 


Column Address Hold Time 


15 








l AR 


Column Address Hold Time referenced to RAS 


55 








tRCS 


Read Command Set-Up Time 











l RCH 


Read Command Hold Time 









11 


l RRH 


Read Command Hold Time referenced to RAS 









11 


%CH 


Write Command Hold Time 


15 








%CR 


Write Command Hold Time referenced to RAS 


55 








t WP 


Write Command Pulse Width 


15 








tRWL 


Write Command to RAS Lead Time 


20 








l CWL 


Write Command to CAS Lead Time 


20 









C-64 



TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



TC524259B 



SYMBO 


PAR AMFTFR 


- 


80 


UNI 


NOTE 


L 


MIN. 


MAX 


T 


tDS 


Data Set-Up Time 









12 


tDH 


Data Hold Time 


15 






12 


l DHR 


Data Hold Time referenced to RAS 


55 








twcs 


Write Command Set-Up Time 









13 


*RWD 


RAS to WE Delay Time 


100 






13 


UwD 


Column Address to WE Delay Time 


65 






13 


tcWD 


CAS to WE Delay Time 


45 






13 


l DZC 


Data to CAS Delay Time 











tDZO 


Data to OE Delay Time 







ns 




k)EA 


Access Time from OE 




20 




8 


l OEZ 


Output Buffer Turn-off Delay from OE 





10 




10 


toED 


OE to Data Delay Time 


10 








l OEU 


OE Command Hold Time 


10 








l ROH 


RAS Hold Time referenced to OE 


15 








l CSR 


CAS Set-Up Time for CAS Before RAS Cycle 


10 








tcHR 


CAS Hold Time for CAS Before RAS Cycle 


10 








tRPC 


RAS Precharge to CAS Active Time 











tREF 


Refresh Period 




8 


ms 




%SR 


WB Set-Up Time 











tRWH 


WB Hold Time 


15 








l FSR 


DSF Set-Up Time referenced to RAS 











tRFH 


DSF Hold Time referenced to RAS(l) 


15 








'•FHR 


DSF Hold Time referenced to RAS(2) 


55 








tfSC 


DSF Set-Up Time referenced to CAS 











tCFH 


DSF Hold Time referenced to CAS 


15 








l MS 


Write-Per-Bit Mask Data Set-Up Time 











l MU 


Write-Per-Bit Mask Data Hold Time 


15 




ns 




^THS 


DT High Set-Up Time 









^THH 


DT High Hold Time 


15 








l TLS 


DT Low Set-Up Time 











^•TLH 


DT Low Hold Time 


15 


10000 






tRTH 


DT Low Hold Time referenced to RAS 
(Real Time Read Transfer) 


65 


10000 






Uth 


DT Low Hold Time referenced to Column 
Address (Real Time Read Transfer) 


30 








tcTH 


DT Low Hold Time referenced to CAS 
(Real Time Read Transfer) 


25 
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SYMBOL 


PARAMETER 


-80 


UNIT 


NOT 
E 


MIN. 


MAX 


tESR 


SE Set-Up Time referenced to RAS 







ns 




*REH 


SE Hold Time referenced to RAS 


15 






tTRP 


DT to RAS Precharge Time 


60 






t Tp 


DT Precharge Time 


20 






l RSD 


RAS to First SC Delay Time (Read Transfer) 


80 






l ASP 


Column Address to First SC Delay Time 
(Read Transfer) 


45 






l CSD 


CAS to First SC Delay Time (Read Transfer) 


25 






l TSL 


Last SC to DT Lead Time 
(Real Time Read Transfer) 


5 






l TSD 


DT to First SC Delay Time (Read Transfer) 


15 






tsRS 


Last SC to RAS Set-Up Time (Serial Input) 


30 






l SRD 


RAS to First SC Delay Time (Serial Input) 


25 






l SDD 


RAS to Serial Input Delay Time 


50 






l SDZ 


Serial Output Buffer Turn-off Delay from 
RAS (Pseudo Write Transfer) 


10 


50 


10 


tscc 


SC Cycle Time 


30 






*sc 


SC Pulse Width (SC High Time) 


10 






l SCP 


SC Precharge Time (SC Low Time) 


10 






l SCA 


Access Time from SC 




25 


9 


l SOH 


Serial Output Hold Time from SC 


5 




ms 




l SDS 


Serial Input Set-Up Time 







ns 




tsDH 


Serial Input Hold Time 


15 






l SEA 


Access Time from SE 




25 


9 


l SE 


SE Pulse Width 


25 






tsEP 


SE Precharge Time 


25 






tsEZ 


Serial Output Buffer Turn-off Delay from SE 





20 


10 


hzE 


Serial Input to SC Delay Time 









hzs 


Serial Input to First SC Delay Time 









hws 


Serial Write Enable Set-Up Time 









tsWH 


Serial Write Enable Hold Time 


15 






tswis 


Serial Write Disable Set-Up Time 









tsWIH 


Serial Write Disable Hold Time 


15 






tsTS 


Split Transfer Set-Up Time 


30 






l STH 


Split Transfer Hold Time 


30 






tsQD 


SC-QSF Delay Time 




60 


16 
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NOTES: 

1 . Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to 
the device. 

2. All voltage are referenced to V ss . 

3. These parameters depend on cycle rate. 

4. These parameters depend on output loading. Specified values are obtained with the output open. 

5. An initial pause of 200|Xs is required after power-up followed by any 8 RAS cycles (DT/OE "high") and 
any 8 SC cycles before proper device operation is achieved. In case of using internal refresh counter, a 
minimum of 8 CAS before RAS initialization cycles instead of 8 RAS cycles are required. 

6. AC measurements assume t T - 5ns. 

7- V JH (min ) and V IL (max are reference levels for measuring timing of input signals. Also, transition times 
are measured between V IH and V IL . 

8. RAM port outputs are measured with a load equivalent to 1 TTL load and lOOpF. 
D oux reference levels : V 0H / V OL = 2.0V / 0.8V. 

9. SAM port outputs are measured with a load equivalent to 1 TTL load and 30pF. 
D oux reference levels : V OH / V OL = 2.0V / 0.8V. 

!0- t OFF (max } , t OEZ (max } , t SDZ (max ) and t SEZ (max } define the time at which the outputs achieve the open 
circuit condition and are not referenced to output voltage levels. 

1 1 . Either t RC n or t RRH must he satisfied for a read cycles. 

12. These parameters are referenced to CAS leading edge of early write cycles and to WB / WE leading 
edge in OE-controlled- write cycles and read-modify-write cycles. 

13- twcS' *RWD' tcwD an d *awd we not restrictive operating parameters. They are included in the data sheet 
as electrical characteristics only. If t wcs > t wcs (min the cycle is an early write cycles and the data out 
pin will remain open circuit (high impedance) throughout the entire cycle; If t RWD > t RWD (min t CWD 
- k:wD (min.) m< ^ 1 awd - Uwd (min.) tne cycle is a read-modify-write cycle and the data out will contain 
data read from the selected cell : If neither of the above sets of conditions is satisfied, the condition of 
the data out (at access time) is indeterminate. 

14. Operation within the t RCD ( max ) limit insures that t RAC ( max ) can he met. 

t RCD (max is specified as a reference point only : If t RCD is greater than the specified 
t RCD ( max ) limit, then access time is controlled by t CAC . 

15. Operation within the t^pj (max ) limit insures that t RAC (max ) can be met. t RAD (max ) is specified as a 
reference point only: If tj^o is greater than the specified t RAD (max ) limit, then access time is controlled 

by t AA . 

1 6. This parameter measurement assumes Pull up resister = 820Q. 
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TIMING WAVEFORM 
READ CYCLE 



Wb/we 




VOL- 



"H" or "L" 
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WRITE CYCLE (EARLY WRITE) 




*i Wb/we 


*2 DSF 


*3Wl/IOl~W4/104 


Cycle 








WM1 data 


Write per bit 1 (New Mask Mode) 


1 


Don't Care 


Write per bit 2 (Old Mask Mode) 


1 





Don't Care 


Normal Write (No Mask Mode) 



WM1 data 0: Write Disable 
1 : Write Enable 
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*1 WB/WE 


*2 DSF 


*3Wl/IOl~W4/104 


Cycle 








WM1 data 


Write per bit 1 (New Mask Mode) 


1 


Don't Care 


Write per bit 2 (Old Mask Mode) 


1 





Don't Care 


Normal Write (No Mask Mode) 



WM1 data 0: Write Disable 
1 : Write Enable 
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READ-MODIFY-WRITE CYCLE 





*1 WB/WE 


*2DSF 


*3Wl/IOl~W4/104 


Cycle 








WM1 data 


Write per bit 1 (New Mask Mode) 


1 


Don't Care 


Write per bit 2 (Old Mask Mode) 


1 





Don't Care 


Normal Write (No Mask Mode) 



WM1 data 0: Write Disable 
1 : Write Enable 
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FAST PAGE MODE READ CYCLE 





: "H" or "L" 
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FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 




*1 WB/WE 


*2 DSF 


*3 W1/IO1-W4/104 


Cycle 








WM1 data 


Write per bit 1 (New 
Mask Mode) 


1 


Don't Care 


Write per bit 2 (Old Mask 
Mode) 


1 





Don't Care 


Normal Write (No Mask 
Mode) 



WM1 data 0: Write Disable 

1 : Write Enable 
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FAST PAGE MODE READ-MODIFY- WRITE CYCLE 



A0~A8 



W1/I01 
-W4/I04 




Vol - 



"H" or "L" 



*1 WB/WE 


*2 DSF 


*3Wl/IOl~W4/104 


Cycle 








WM1 data 


Write per bit 1 (New Mask Mode) 


1 


Don't Care 


Write per bit 2 (Old Mask Mode) 


1 





Don't Care 


Normal Write (No Mask Mode) 



WM1 data 0: Write Disable 
1 : Write Enable 
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RAS ONLY REFRESH CYCLE 




TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



C-75 



TC524259B 



CAS BEFORE RAS REFRESH CYCLE 
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HIDDEN REFRESH CYCLE 
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LOAD MASK REGISTER CYCLE 
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LOAD COLOR REGISTER CYCLE 
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BLOCK WRITE CYCLE 



CAS 



A0~A8 



DT/ OT 



WW 101 
~W4/l04 




V H- 
Vol. 



OPEN 



: "H" or "L" 



*1 WB/WE 


*2 DSF 


*3Wl/IOl~W4/104 


Cycle 








WM1 data 


Block Write (Mask 1) (New Mask Mode) 


1 


Don't Care 


Block Write (Mask 2) (Old Mask Mode) 


1 





Don't Care 


Block Write (No Mask Mode) 



WM1 data 0: Write Disable 
1 : Write Enable 



*4) COLUMN SELECT 

W1/I01 - Column (A1C=0, AOC=0 ^ Wn/IOn 
W2/I02 - Column 1 (A1C=0,AOC=1 I =0 • Disable 
W3/I03 - Column 2 (A1C=1, AOC=0 | =1 '. Enab[e 
W4/I04- Column 3 (AlC=l,AOC=l J 
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PAGE MODE BLOCK WRITE CYCLE 




*1 WB/WE 


*2 DSF 


*3Wl/IOl~W4/104 


Cycle 








WM1 data 


Block Write (Mask 1) (New Mask Mode) 


1 


Don't Care 


Block Write (Mask 2) (Old Mask Mode) 


1 





Don't Care 


Block Write (No Mask Mode) 



WM1 data 0: Write Disable 
1 : Write Enable 



*4) COLUMN SELECT 

W1/I01 - Column (A1C=0, AOC=0 "I Wn /iOn 
W2/I02 - Column 1 (A1O0, AOC=l I =Q . Disab i e 
W3/I03 - Column 2 (Al C= 1 , AOC=0 | =l '. Enable 
W4/I04 - Column 3 (A1C=1, AOC=l J 
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READ TRANSFER CYCLE (Previous is WRITE TRANSFER CYCLE) 
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REAL TIME READ TRANSFER CYCLE 



SI01 
~SI04 



V, H - 

VlL - 



tCRP 



tRAS 



_ t A R 








l CSH 








*RSH 





j ^ *-KF ^ 



*cpn 



W1/I01 v 0H 
-W4/I04 Vql — 



VOH' 

Vol • 



" \/ VALID \ C VALID V VALID V/ VALID 3 U e VALID V/ 
/\ DATA-OUT _ A r DATA-OUT /\ DATA-OUT /\ DATA-OUT, A DATA-OUT y \ 




Previous Row Data 



• New Row Data 



Note : SE = V, 




: "H" or "L" 
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PSEUDO WRITE TRANSFER CYCLE 



RAS" 



CAS" 



A0-A8 



WB/WE 



DSF 



W1/I01 V H 
-W4/I04 Vql 



SE 



SIOI 
-SI04 



OUT 




Serial Output Data 



Serial Input Data 
Wfflfa : "H" or "L" 
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WRITE TRANSFER CYCLE 



tRC 




*1DSF 


*2SE 


Cycle 








Write Transfer 


1 


* 


Write Transfer 
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SERIAL READ (SE =Vi L ) 



SI01 V 0H - 
-SI04 V 0L 




— V/ VALID 3 C7 C VALJD 3 C7 £ VAUD 5 (^ £ VAUD 5 f7 £ VAUD 
_ /\ DATA-OUT , fi r DATA-OUT -, lS r DATA-OUT , fl r DATA-OUT -, fl r DATA-OUT J flL 



VALID 
-DATA-OUT 



Note : SE= V, L 



SERIAL READ (SE Controlled Outputs) 



SI01 
-SI04 

L_ 



OUT 




VOH' 

Vol 



- V VALID = V C VALID \ nDPM VALID -\> c VALID "V 11- 

_ /\ DATA-OUT - e> ^. DATA-OUT UKtrj ^ DATA-OUT DATA-OUT _ &p, 



VALID 
5ATA-OUT 
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PIN FUNCTION 
ADDRESS INPUTS : A ~A 8 

The 18 address bits required to decode 4 bits of the 1,048,576 cell locations within the dynamic RAM 
memory array of the TC524259B are multiplexed onto 9 address input pins (A ~A 8 ). Nine row address bits are 
latched on the falling edge of the row address strobe (RAS) and the following nine column address bits are 
latched on the falling edge of the column address strobe (CAS). 

ROW ADDRESS STROBE : RAS 

A random access cycle or a data transfer cycle begins at the falling edge of RAS. RAS is the control input 
that latches the row address bits and the states of CAS, DT / OE, WB / WE, SE and DSF to invoke the various 
random access and data transfer operating modes shown in Table 2. RAS has minimum and maximum pulse 
widths and a minimum precharge requirement which must be maintained for proper device operation and data 
integrity. The RAM port is placed in standby mode when the RAS control is held "high". 

COLUMN ADDRESS STROBE : CAS 

CAS is the control input that latches the column address bits and the state of the special function input DSF 
to select, in conjunction with the RAS control, either read / write operations or the special block write feature 
on the RAM port when the DSF input is held "low" at the falling edge of RAS. Refer to the operation truth table 
shown in Table 1 . CAS has minimum and maximum pulse widths and a minimum precharge requirement which 
must be maintained for proper device operation and data integrity. CAS also acts as an output enable for the 
output buffers on the RAM port. 

DATA TRANSFER / OUTPUT ENABLE : DT /~OE 

The DT / OE input is a multifunction pin. When DT / OE is "high" at the falling edge of RAS, RAM port 
operations are performed and DT / OE is used as an output enable control. When the DT / OE is "low" at the 
falling edge of RAS, a data transfer operation is started between the RAM port and the SAM port. 
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WRITE PER BIT / WRITE ENABLE: WB / WE 

The WB / WE input is also a multifunction pin. When WB / WE is "high" at the falling edge of RAS, 
during RAM port operations, it is used to write data into the memory array in the same manner as a standard 
DRAM. When WB / WE is "low" at the falling edge of RAS, during RAM port operations, the write-per-bit 
function is enabled. The WB / WE input also determines the direction of data transfer between the RAM array 
and the serial register (SAM). 

When WB / WE is "high" at the falling edge of RAS, the data is transferred from RAM to SAM (read transfer). 
When WB / WE is "low" at the falling edge of RAS, the data is transferred from SAM to RAM (write transfer). 

WRITE MASK DATA / DATA INPUT AND OUTPUT: W, / ~W 4 / 10 4 

When the write-per-bit (New Mask Mode) function is enabled, the mask data on the Wi/IOi pins is latched 
into the write mask register (WM1) at the falling edge of RAS. Data is written into the DRAM on data lines 
where the write-mask data is a logic "1". Writing is inhibited on data lines where the write-mask data is a logic 
"0". The write-mask data is valid for only one cycle. Data is written into the RAM port during a write or read- 
modify-write cycle. The input data is latched at the falling edge of either CAS or WB / WE, whichever occurs 
late. During an early-write cycle, the outputs are in the high-impedance state. Data is read out of the RAM port 
during a read or read-modify-write cycle. The output data becomes valid on the Wi / IOi pins after the specified 
access times from RAS, CAS, DT / OE and column address are satisfied and will remain valid as long as CAS 
and DT / OE are kept "low". The outputs will return to the high-impedance state at the rising edge of either CAS 
or DT / OE, whichever occurs first. 

SERIAL CLOCK: SC 

All operations of the SAM port are synchronized with the serial clock SC. Data is shifted in or out of the 
SAM registers at the rising edge of SC. In a serial read, the output data becomes valid on the SIO pins after the 
maximum specified serial access time t SCA from the rising edge of SC. The serial clock SC also increments the 
9-bits serial pointer (8-bits in split register mode) which is used to select the SAM address. The pointer address 
is incremented in a wrap-around mode to select sequential locations after the starting location which is 
determined by the column address in the read transfer cycle. When the pointer reaches the most significant 
address location (decimal 51 1), the next SC clock will place it at the least significant address location (decimal 
0). The serial clock SC must be held at a constant V 1H or Vj L level during read / pseudo write / write transfer 
operations and should not be clocked while the SAM port is in the standby mode to prevent the SAM pointer 
from being incremented. 
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SERIAL ENABLE: SE 

The SE input is used to enable serial access operation. In a serial read cycle, SE is used as an output control. 
In a serial write cycle, SE is used as a write enable control. When SE is "high", serial access is disabled, 
however, the serial address pointer location is still incremented when SC is clocked even when SE is "high". 

SPECIAL FUNCTION CONTROL INPUT: DSF 

The DSF input is latched at the falling edge of RAS and CAS and allows for the selection of various 
random port and data transfer operating modes. In addition to the conventional multiport DRAM, the special 
features consisting of write per bit 2, block write, block write (mask 1 & 2), load color / mask register and split 
read transfer can be invoked. 

SPECIAL FUNCTION OUTPUT: QSF 

QSF is an open drain output signal which, during split register operation, indicates which half of the split 
SAM is being accessed. Since QSF is an open drain output, it must be pulled up to V cc with an appropriate pull- 
up resistor. QSF "on" (low state) indicates that the lower split SAM (Bits thru 255) is being accessed and QSF" 
off (open state) indicates that the upper split SAM (Bits 256 thru 511) is begin accessed. After the QSF has 
toggled to either an open or low state, a delay of l STS must be met before a split read transfer operation can be 
performed on the non-active half of the split SAM. 

SERIAL INPUT / OUTPUT: SI01-SI04 

Serial input and serial output share common I/O pins. Serial input or output mode is determined by the 
most recent read, write or pseudo write transfer cycle. When a read transfer cycle is performed, the SAM port 
is in the output mode. When a write or pseudo write transfer cycle is performed, the SAM port is switched from 
output mode to input mode. During subsequent write transfer cycle, the SAM remains in the input mode. 
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OPERATION MODE 

The RAM port and data transfer operating of the TC524259BJ/BZ are determined by the state of CAS, DT / 
OE, WB / WE, SE and DSF at the falling edge of RAS and by the state of DSF at the falling edge of CAS. The 
Table 1 and the Table 2 show the operation truth table and the functional truth table for a listing of all available 
RAM port and transfer operation, respectively. 
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Table 2. Functional Truth Table 
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If the special function control input (DSF) is in the "low" state at the falling edges of RAS and CAS, only 
the conventional multiport DRAM operating features can be invoked: CAS-before-RAS refresh, write transfer, 
pseudo-write transfer, read transfer and read write modes. If the DSF input is "high" at the falling edge of RAS, 
special features such as split write transfer, split read transfer, flash write and load color register can be invoked. 
If the DSF input is "low" at the falling edge of RAS and "high" at the falling edge of CAS, the block write special 
feature can be invoked. 



RAM PORT OPERATION 

FAST PAGE MODE CYCLE 

Fast page mode allows data to be transferred into or out of multiple column locations of the same row by 
performing multiple CAS cycle during a single active RAS cycle. During a fast page cycle, the RAS signal may 
be maintained active for a period up to 100 (iseconds. For the initial fast page mode access, the output data is 
valid after the specified access times from RAS, CAS, column address and DT/OE. For all subsequent fast page 
mode read operations, the output data is valid after the specified access times from CAS, column address and 
DT/OE, When the write-per-bit function is enabled, the mask data latched at the falling edge of RAS is 
maintained throughout the fast page mode write or read-modify-write cycle. 

RAS-ONLY REFRESH 

The data in the DRAM requires periodic refreshing to prevent data loss. Refreshing is accomplished by 
performing a memory cycle at each of the 5 1 2 rows in the DRAM array within the 6pecified 8ms refresh period. 
Although any normal memory cycle will perform the refresh operation, this function is most easily 
accomplished with "RAS-Only" cycle. 

CAS-BEFORE-RAS REFRESH 

The TC524259BJ/BZ also offers an internal-refresh function. When CAS is held "low" for a specified 
period ^CSR) before RAS goes "low", an internal refresh address counter and on-chip refresh control clock 
generators are enabled and an internal refresh operation takes place. When the refresh operation is completed, 
the internal refresh address counter is automatically incremented in preparation for the next CAS-before-RAS 
cycle. For successive CAS-before-RAS refresh cycle, CAS can remain "low" while cycling RAS. 

HIDDEN REFRESH 

A hidden refresh is a CAS-before-RAS refresh performed by holding CAS "low" from a previous read 
cycle. This allows for the output data from the previous memory cycle to remain valid while performing a 
refresh. The internal refresh address counter provides the address and the refresh is accomplished by cycling 
RAS after the specified RAS-precharge period (Refer to Figure 1) 



-Memory Cycle Refresh Cycle »-H Refresh Cycle 

RAS ~ ^ — — - 1 — 



CAS 



\ ' 

W1/I01 / : ■ , 

W4/I04 \_ Valid Data Output ) 



Figure 1 . Hidden Refresh Cycle 
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WRITE-PER-BIT FUNCTION 

The write-per-bit function selectively controls the internal write-enable circuits of the RAM port. Two 
types of write-per-bit may be utilized-"New Mask Mode" or "Old Mask Mode". The state of the signals required 
to select the modes of write-per-bit are shown in Table 3 . 

The write-per-bit 1 (New Mask Mode) function is enabled when WB / WE and DSF are held "low" at the 
falling edge of RAS in a random write operation. Also, at the falling edge of RAS, the mask data on the W; / 10; 
pins are latched into a write maslc register (WM1). New write mask data must be presented at the Wj / IO; pins 
at every falling edge of RAS. A "0" on any of the W ; / IOj pins will disable the corresponding write circuits and 
new data will not be written into the RAM. A "1" on any of the Wj / IO- pins will enable the corresponding write 
circuits and new data will be written into the RAM. 

The write-per-bit 2 (Old Mask Mode) function is enabled when WB /WE is "low" and DSF is "high" at 
the falling edge of RAS in a random write operation. This function does not use the data present on the Wi / IOj 
pins at the falling edge of RAS as write mask data. Therefore, data on the W ; / IOj pins at the falling edge of 
RAS is a don't care ("H" or "L"). The write mask data which is utilized by this function resides in the write mask 
register (WM1). The mask data is placed into the "WM1" write mask register by using either the "Load Mask 
Register Cycle", "Write-per-bit 1 (New Mask Mode) Function", or "Block Write 1 (New Mask Mode) 
Function" 



Table 3. Write-per-bit function truth table 



At the falling edge of RAS (RAS ^ ) 


CAS ^ 


Function 


CAS 


DT/OE 


Wb/we 


DSF 


W/IO 


DSF 
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* 


L 


Normal Write 


H 


H 


L 
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WM1 


L 
L 


Write-per-bit 1 (New Mask Mode) 


H 


H 


L 


H 


* 


Write-per-bit 2 (Old Mask Mode) 



An example of the write-per-bit function illustrating its application to displays is shown in Figures 2 and 3. 
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"0" Write 

No Write (Masked) 

"1" Write 

No Write (Masked) 



Figure 2. Write-per-bit timing cycle 



Figure 3. Corresponding bit-map 



LOAD COLOR REGISTER 

The TC524259B is provided with an on-chip 4-bits register (color register) which is used in the block write 
function. Each bit of the color register corresponds to one of the DRAM I/O blocks. The load color register cycle 
is initiated by holding CAS, DT /OE, WB / WE and DSF "high" at the falling edge of RAS and by holding DSF 
"low" at the falling edge of CAS. The data presented on the W;/ IOj lines are subsequently latched into the color 
register at the falling edge of CAS or WB / WE, whichever occurs later. During the load color register cycle, a 
valid row address (A thru A 8 ) is not required. However, the memory cells of the row address which is latched 
at the falling edge of RAS is refreshed. 
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LOAD MASK REGISTER 

The TC524259B has an on-chip 4 bit register (WM1 register) which provides the I/O mask data during the 
write-per-bit (New and Old Mask Mode) and Block Write (New and Old Mask Mode) functions. Each bit of the 
mask register corresponds to one of the DRAM I/O blocks. The mask data must be specified in the WM1 register 
by using the load mask register cycle prior to the execution of "Write-Per-Bit 2" and "Block Write 2" old mask 
mode functions. The load mask register cycle is initiated by holding CAS, DT / OE, WB / WE and DSF "high" 
at the falling edge of RAS and by DSF "high" at the falling edge of CAS. The data presented on the W t / IOj 
lines are subsequently latched into the mask register at the falling edge of either CAS or WB / WE, whichever 
occurs later. The mask data which is latched into the WM1 register will also be updated by the write-per-bit 1 
(New Mask Mode) or Block Write 1 (New Mask Mode) functions. During the load mask register cycle, a valid 
row address (A thru A 8 ) is not required. However, the memory cells of the row address which is latched at the 
falling edge of RAS is refreshed. 

BLOCK WRITE 

Block write is a special RAM port write operation which, in a single RAS cycle, writes the data in the color 
register into 4 consecutive colutnn address locations starting from a selected column in a selected row. Three 
modes of block write operation may be selected-No Mask Mode, New Mask Mode, Old Mask Mode. Column 
mask capability is applicable on all three modes. The seven most significant column addresses (A2C-A8C) are 
latched at the falling edge of CAS to designate the starting column address and the two least significant column 
addresses (A0C-A1C) are "don't care". The column mask data is also provided on the W; / 10, pins at the falling 
edge of CAS. This column mask data will enable / disable the write operation on any of the 4 consecutive 
column address locations, 

A block write cycle is selected by holding CAS, and DT /OE "high" at the falling edge of RAS and DSF 
"high" at the falling edge of CAS. The state of the WB / WE and DSF inputs at the falling edge of RAS will 
select one of the three modes of block write as shown in the following table 4. 

When the DSF input at the falling edge of RAS is "low", the state of WB / WE selects either "No Mask 
Mode" or "New Mask Mode". If WB / WE is "high" at the falling edge of RAS, the block write (No Mask Mode) 
is selected. If WB / WE is "low" at the falling edge of RAS, the block write 1 (New Mask Mode) is selected and 
the mask data on the W, / 10; pins are latched and used like the write — per-bit 1 (New Mask Mode) function. 

If DSF is "high" and WB / WE is "low" at the falling edge of RAS, then the block write 2 (Old Mask 
Mode) is selected and the mask data stored in the "WM1" register is used. The I/O masking for this function is 
used in the same manner as the write-per-bit 2 (Old Mask mode). 
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Table 4. Block Write function truth table 



At the falling edge of RAS (RAS N.) 


CAS^ 


Function 


CAS 


DT/OE 


Wb/we 


DSF 


Wj/IOj 


DSF 
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Block Write (No Mask Mode) 
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H 
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WM1 




H 


Block Write (Mask 1) (New Mask Mode) 
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H 


L 


H 


* 




H 


Block Write (Mask 2) (Old Mask Mode) 



An example using the block write 1 (New Mask Mode) function with a data mask on W ; / IO; , W 4 / 10 4 
and column 2 is shown in Figure 5. Also, an example using a window clear clear and fill application is shown 
in Figure 6. 
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Figure 4. Block Write Timing 
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W4/IO4 : Column 3 
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Figure 5. Example of Block Write Operation 
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Figure 6. Example of Block Write Application 



FAST PAGE MODE BLOCK WRITE CYCLE 

Fast page mode block write can be used to perform high speed clear and fill operations. The cycle is 
initiated by holding the DSF signal "low" at the falling edge of RAS and a fast page mode block write is 
performed during each subsequent CAS cycle with DSF held "high" at the falling edge of CAS. 

If the DSF signal is "low" at the falling edge of CAS, a normal fast page mode read / write operation will 
occur. Therefore a combination of block write and read / write operations can be performed during a fast page 
mode block write cycle. Refer to the example shown in Figure 10. 




1 



Block Write Cycle Read /Write Cycle Block Write Cycle 

Figure 7. Fast Page Mode Block Write Cycle 
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SAM PORT OPERATION 

The TC524259B is provided with 512 words by 4 bits serial access memory (SAM) which can be operated 
in the single register mode or the split register mode. 

SINGLE REGISTER MODE 

When operating in the single register mode, high speed serial read or write operations can be performed 
through the SAM port independent of the RAM port operations, except during read / write / pseudo-write 
transfer cycles. The preceding transfer operation determines the direction of data flow through the SAM port. If 
the preceding transfer operation is a read transfer, the SAM port is in the output mode. If the preceding transfer 
operation is a write or pseudo write transfer, the SAM port is in the input mode. The pseudo write transfer 
operation only switches the SAM port from output mode to input mode; Data is not transferred from SAM to 
RAM. 

Serial data can be read out of the SAM port after a read transfer (RAM — SAM) has been performed. The 
data is shifted out of the SAM port starting at any of the 512 bits locations. The TAP location corresponds to the 
column address selected at the falling edge of CAS during the read transfer cycle. The SAM registers are 
configured as circular data registers. The data is shifted out sequentially starting from the selected tap location 
to the most significant bit and then wraps around to the least significant bit, as illustrated below. 



Start address : Tap location 








1 


2 




*- 






509 


510 


511 

































Subsequent real-time read transfer may be performed on-the-fly as many times as desired, within the 
refresh constraints of the DRAM array. Simultaneous serial read operation can be performed with some timing 
restrictions. A pseudo write transfer cycle is performed to change the SAM port from output mode to input mode 
in order to write data into the serial registers through the SAM port. A write transfer cycle must be used 
subsequently to load the SAM data into the RAM row selected by the row address at the falling edge of RAS. 
The starting location in the SAM registers for the next serial write is selected by the column address at the falling 
edge of CAS. The truth table for single register mode SAM operation is shown in Table 5. 
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Table 5. Block Write function truth table 



SAM PORT 
OPERATION 


DT / OE at the 
falling edge of RAS 


SC 


SE 


FUNCTION 


Preceded by a 


Serial Output Mode 




_n_ 


L 
H 


Enable Serial Read 
Disable Serial Read 


Read Transfer 


Serial Input Mode 


H 




L 
H 


Enable Serial Write 
Disable Serial Write 


Write Transfer 


Serial Input Mode 






L 
H 


Enable Serial Write 
Disable Serial Write 


Pseudo Write Transfer 



SPLIT REGISTER MODE 

In split register mode, data can be shifted out of one half of the SAM while a split read transfer is being 
performed on the other half of the SAM. A normal (Non-split) read transfer operation must precede any split 
read transfer operation. The non — split read transfer will set the SAM port into output mode. The split read 
transfers will not change the SAM port mode set by preceding normal transfer operation. RAM port operation 
may be performed independently except during split transfers. In the split register mode, serial data can be 
shifted out of one of the split SAM registers starting from any at the 256 tap locations, excluding the last address 
of each split SAM, data is shifted out sequentially starting from the selected tap location to the most significant 
bit (255 or 5 1 1 ) of the first split SAM and then the SAM pointer moves to the tap location selected for the second 
split SAM to shift data out sequentially starting from this tap location to the most significant bit (511 or 255) 
and finally wraps around to the least significant bit, as illustrated in the example below. 
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REFRESH 

The SAM data registers are static flip-flop, therefore a refresh is not required. 
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DATA TRANSFER OPERATION 

The TC524259B features two types of internal data transfer capability between RAM and the SAM, as 
shown in Figure 8. During a normal (Non-split) transfer, 512 words by 4 bits of data can be loaded from RAM 
to SAM (Read Transfer) or from SAM to RAM (Write Transfer). During a split read transfer, 256 words by 4 
bits of data can be loaded from the lower/upper half of the RAM into the lower/upper half of the SAM (Split 
Read Transfer). The normal transfer and split transfer modes are controlled by the DSF special function input 
signal. 
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Figure 8. (a) Normal (Non — split) 



Transfer(b) Split Read Transfer 



As shown in Table 6, the TC524259B supports four types of transfer operations: Read transfer, Split read 
transfer, Write transfer, and Pseudo write transfer. Data transfer operations between RAM and SAM are invoked 
by holding the DT / OE signal "low" at the falling edge of RAS. The type of data transfer operation is determined 
by the state of CAS, WB / WE, SE and DSF latched at the falling edge of RAS. During normal (Non-split) data 
transfer operations, the SAM port is switched from input to output mode (Read transfer) or output to input mode 
(Write transfer / Pseudo write transfer) whereas it remains unchanged during split read transfer operations. 
During a data transfer cycle, the row address Ag~Ag select one of the 5 12 rows of the memory array to or from 
which data will be transferred and the column address AQ=Ag select one of the tap locations in the serial register. 
The selected tap location is the start position in the SAM port from which the first serial data will be read out 
during the subsequent serial read cycle or the start position in the SAM port into which the first serial data will 
be written during the subsequent serial write cycle. During split read transfer cycles, the most significant column 
address (A8C) is controlled internally to determine which half of the serial register will be reloaded from the 
RAM array. 
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Table 4. Block Write function truth table 



at the falling edge of RAS 


Tranfer Mode 


Transfer Direction 


Transfer Bit 


SAM Port Mode 


CAS 


DT/OE 


WB/WE 


SE 


DSF 
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L 
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* 
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Read Transfer 


RAM -» SAM 


,512x4 


Input — » Output 
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L 


L 


L 


L 


Write Transfer 


SAM -> RAM 


512x4 


Output — > Input 


H 
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L 


Pseudo Write Transfer 






Output — » Input 


H 


L 


L 


* 


H 


Write Transfer 


SAM -> RAM 


256x4 


Output — > Input 


H 


L 


H 


* 


H 


Split Read Transfer 


RAM -> SAM 


256 x 4 


Not Changed 



READ TRANSFER CYCLE 

A read transfer consists of loading a selected row of data from the RAM array into the SAM register. A 
read transfer is invoked by holding CAS "high", DT/OE "low" WB / WE "high" and DSF "low" at the falling 
edge of RAS. The row address selected at the falling edge of RAS determines the RAM row to be transferred 
into the SAM. The transfer cycle is completed at the rising edge of DT / OE. When the transfer is completed, 
the SAM port is set into the output mode. In a read / real time read transfer cycle, the transfer of a new row of 
data is completed at the rising edge of DT / OE and this data becomes valid on the SIO lines after the specified 
access time t SCA from the rising edge of the subsequent serial clock (SC) cycle. The start address of the serial 
pointer of the SAM is determined by the column address selected at the falling edge of CAS. 

Figure 9 shows the operation block diagram for read transfer operation. 



SAM Start Address 



ON 



Ao~A 8 



OFF 



mm?- 



SAM 



-O SlO W4 

^> 

Serial Read 



512x4bits 



512x512x4 bits 
Memory Cell Array 



Selected Row 



Figure 9. Block Diagram for Read Transfer Operation 

In a read transfer cycle (which is preceded by a write transfer cycle), the SC clock must be held at a 
constant V IL or V IH , after the SC high time has been satisfied. A rising edge of the SC clock must not occur until 
after the specified delay t TSD from the rising edge of DT / OE, as shown in Figure 10. 
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DT/OE ^ 
DSF 
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SIO 



Li 



\ Inhibit Rising Transition j \ / 




Figure 10. Read Transfer Timing 

In a real time read transfer cycle (which is preceded by another read transfer cycle), the previous row data 
appears on the SIO lines until the DT / OE signal goes "high" and the serial access time t SCA for the following 
serial clock is satisfied. This feature allows for the first bit of the new row of data to appear on the serial output 
as soon as the last bit of the previous row has been strobed without any timing loss. To make this continuous 
data flow possible, the rising edge of DT/OE must be synchronized with RAS, CAS and the subsequent rising 
edge of SC (t RXH , t CTH , and t TSL /t XSD must be satisfied), as shown in Figure 11. 

The timing restriction t TSL /t XSD are 5ns min / 15ns min. The split read transfer mode eliminates these 
timing restrictions. 
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Figure 11. Real Time Read Transfer 
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WRITE TRANSFER CYCLE 

A write transfer cycle transfers the contents of the SAM register into a selected row of the RAM array. If 
the SAM data to be transferred must first be loaded through the SAM port, a pseudo write transfer operation 
must precede the write transfer cycles. However, if the SAM data to be transferred into the RAM was previously 
loaded into the SAM via a read transfer, the SAM to RAM transfer can be executed simply by performing a 
write transfer cycle. A write transfer is invoked by holding CAS "high", DT / OE "low", WB / WE "low", SE 
"low" and DSF "low" at the falling edge of RAS. Also if DSF is "high" under the condition of a "high" CAS, 
"low" DT / OE and "low", WB / WE at the falling edge of RAS, a write transfer is invoked independent of the 
state of SE. 
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■ j Mask Data } - 















\ Inhibit Rising Transition \ 
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The row address selected at the falling edge of RAS determines the RAM row address into which the data 
will be transferred. The column address selected at the falling edge of CAS determines the start address of the 
serial pointer of the SAM. After the write transfer is completed, the SIO lines are set in the input mode so that 
serial data synchronized with the SC clock can be loaded. 
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Figure 13. Block Diagram for Write Transfer Operation 



When consecutive write transfer operations are performed, new data must not be written into the serial 
register until the RAS cycle of the preceding write transfer is completed. Consequently, the SC clock must be 
held at a constant Vj L or V IH during the RAS cycle. A rising edge of the SC clock is only allowed after the 
specified delay t SRD from the rising edge of RAS, at which time a new row of data can be written in the serial 
register. 

PSEUDO WRITE TRANSFER CYCLE 

A pseudo write transfer cycle must be performed before loading data into the serial register after a read 
transfer operation has been executed. The only purpose of a pseudo write transfer is to change the SAM port 
mode from output mode to input mode (A data transfer from SAM to RAM does not occur). After the serial 
register is loaded with new data, a write transfer cycle must be performed to transfer the data from SAM to 
RAM. A pseudo write transfer is invoked by holding CAS "high", DT / OE "low", WB / WE "low", SE "high" 
and DSF "low" at the falling edge of RAS. 

The timing conditions are the same as the one for the write transfer cycle except for the state of SE at the 
falling edge of RAS. 

SPLIT READ TRANSFER AND QSF 

The TC524259BJ / BZ features a split read transfer capability between the RAM and the SAM. During 
split read transfer operation, the serial register is split into two halves which can be controlled independently. 
Split read transfer operations can be performed to one half of the serial register while serial data can be shifted 
out of the other half of the serial register, as shown in Figure 14. The most significant column address location 
(A8C) is controlled internally to determines which half of the serial register will be reloaded from the RAM 
array. QSF is an output in which indicates which half of the serial register is in an active state. QSF changes 
state when the last SC clock is applied to active split SAM, as shown in Figure 15. 
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256 columns 256 columns 













f 256 bitf 

////s/ss/s////////. 


256 bit 



Active 



Active SAM 


QSF Level 


Lower SAM 


"Low" 


Upper SAM 


"High" 



Non-Active 

Figure 14. Split Register Mode 




lower SAM : Active upper SAM : Active lower SAM : Active 



Figure 15. QSF Output State During Split Register Mode 

SPLIT READ TRANSFER CYCLE 

A split read transfer consists of loading 256 words by 4 bits of data from a selected row of the split RAM 
array into the corresponding non-active split SAM register. 

Serial data can be shifted out of the other half of the split SAM register simultaneously. The block diagram 
and timing diagram for split read transfer mode are shown in Figure 16 and 17, respectively. During split read 
transfer operation, the RAM port input clocks do not have to be synchronized with the serial clock SC, thus 
eliminating timing restrictions as in the case of on-the-fly read transfers. A split read transfer can be performed 
after a delay of t STS , from the change of state of the QSF output, is satisfied. 
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Figure 16. Block Diagram for Split Read Transfer 
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Figure 17. Timing Diagram for Split Read transfer 





A normal (Non-split) read transfer operation must precede split read transfer cycles as shown in the 
example in Figure 18. 




Figure 18. Example of Consecutive Read Transfer Operations 
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SPLIT— REGISTER OPERATION SEQUENCE (EXAMPLE) 

Split read transfers must be preceded by a normal read transfer. Figure 19 illustrates an examp le of s plit 
register operation sequence after device power-up and initialization. After power-up, a minimum of 8 RAS and 
8 SC clock cycles must be performed to properly initialize the device. A read transfer is then performed and the 
column address latched at the falling edge of CAS sets the SAM tap pointer location which up to that point was 
in an undefined location. Subsequently, the pointer address is incremented by cycling the serial clock SC from 
the starting location to the last location in the register (address 511) and wraps around to the tap location set by 
the split read transfer performed for the lower SAM while the upper SAM is being accessed. The SAM address 
is incremented as long as SC is clocked. The following split read transfer sets a new tap location in the upper 
split SAM register address 256 in this example and the pointer is incremented from this location by cycling the 
SC clock. 
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Figure 19. Example of Split SAM Register Operation Sequence 



The next operation is a pseudo write transfer which switches the SAM port from output mode to input 
mode in preparation for either write transfers or split write transfers. The column address latched at the falling 
edge of CAS during the pseudo write transfer sets the serial register tap location. Serial data will be written into 
the SAM starting from this location. 
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TRANSFER OPERATION WITHOUT CAS 

During all transfer cycles, the CAS input clock must be cycled, so that the column address are latched at 
the falling edge of CAS, to set the SAM tap location. If CAS was maintained at a constant "high" level during 
a transfer cycle, the SAM pointer location would be undefined. Therefore a transfer cycle with CAS held "high" 
is not allowed (Refer to the illustration below). 
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CAS" 
Address 



Proper 
y Transfer 
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Row 



SAM Start 
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CAS 
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Not 
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TAP LOCATION SELECTION IN SPLIT READ TRANSFER OPERATION 



(a) In a split read transfer Operation, column addresses AOC through A7C must be latched at the falling 
edge of CAS in order to set the tap location in one of the split SAM registers. During a split read 
transfer, column address A8C is controlled internally and therefore it is ignored internally at the falling 
edge of CAS. 



RAS \_ 



a r 



Addresses mmW^T^ W M Tt^^^ 



t t 

A0R-A8R A0C-A7C (A8C is don't care: High or Low) 



During a split transfer, it is not allowed to set the last address location (A0C~A7C=FF), in either the 
lower SAM or the upper SAM, I, as the tap location. 

(b) In the case of multiple split read transfers performed into the same split SAM register, the tap location 
specified during the last split read transfer, before QSF toggles, will prevail. In the example shown 
below, multiple split read transfers are performed into the upper SAM (Non-active) while the lower 
SAM (active) is being accessed at the time when QSF toggles, the first SC serial clock will start shifting 
serial data starting from the Tap N address location. 
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SPLIT READ TRANSFER OPERATION ALLOWABLE PERIOD 

Figure 26 illustrates the relationship between the serial clock SC and the special function output QSF 
during split read transfers and highlights the time periods where split read transfer are allowed, relative to SC 
and QSF. 
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Figure 20. Split Transfer Operation Allowable Periods 
As indicated in Figure 20, a split read transfer is not allowed during the period of t SXH + t sxs . 

SPLIT READ TRANSFER CYCLE AFTER NORMAL READ TRANSFER CYCLE 

A split read transfer may be performed following a normal read transfer provided that a minimum delay 
of 30ns from the rising edge of the first clock SC is satisfied (Refer to the illustration shown below). 
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NORMAL READ TRANSFER CYCLE AFTER NORMAL READ TRANSFER CYCLE 

Another read transfer may be performed following the read transfer provided that a minimum delay of 
30ns from the rising edge of the first clock SC is satisfied (Refer to the illustration shown below). 
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NORMAL TRANSFER AFTER SPLIT READ TRANSFER 

A normal transfer (read / write / pseudo write) may be performed following split read transfer operation 
provided that a 30ns minimum delay is satisfied after the QSF signal toggles. 
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POWER-UP 

Power must be applied to the RAS and DT / OE input signals to pull them "high" before or at the same 
time as the V cc supply is turned on. After power-up, a pause of 200 ^.seconds minimum is required with RAS 
and DT/ OE held "high". After the pause, a minimum of 8 RAS and 8 SC dummy cycles must be performed to 
stabilize the internal circuitry, before valid read, write or transfer operations can begin. During the initialization 
period, the DT / OE signal must be held "high". If the internal refresh counter is used, a minimum 8 CAS-before- 
RAS initialization cycles are required instead of 8 RAS cycles. 

INITIAL STATE AFTER POWER-UP 

When power is achieved with RAS, CAS, DT/ OE and WB /WE held "high", the internal state of the 
TC524258B is automatically set as follows. 

However, the initial state can not be guaranteed for various power-up conditions and input signal levels. 
Therefore, it is recommended that the initial state be set after the initialization of the device is performed (200 
(xseconds pause followed by a minimum of 8 RAS cycles and 8 SC cycles) and before valid operations begin. 
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target spec 



SILICON GATE CMOS 
131,072WORDSx8BITS MULTIPORT DRAM 

DESCRIPTION 

The TC528 1 28B is a CMOS multiport memory equipped with a 1 3 1 ,072-words by 8-bits dynamic random 
access memory (RAM) port and a 256-words by 8-bits static serial access memory (SAM) port. The TC528 128B 
supports three types of operations; Random access to and from the RAM port, high speed serial access to and 
from the SAM port and bidirectional transfer of data between any selected row in the RAM port and the SAM 
port. The RAM port and the SAM port can be accessed independently except when data is being transferred 
between them internally. In addition to the conventional multiport videoram operating modes, the TC528128B 
features the block write and flash write functions on the RAM port and a split register data transfer capability 
on the SAM port. The TC528128B is fabricated using Toshiba's CMOS silicon gate process as well as advanced 
circuit designs to provide low power dissipation and wide operating margins. 



FEATURES 

• Single power supply of 5V+10% with a built-in 
V BB generator 

• All inputs and outputs : TTL Compatible 

• Organization 

RAM Port : 131 ,072 wordsX8bits 
SAM Port : 256 wordsX8bits 

• RAM Port 

Fast Page Mode Read - Modify - Write 
CAS before RAS Refresh, Hidden Refresh 
RAS only Refresh, Write per Bit 
Flash Write, Block Write 
512 refresh cycles / 8ms 

• SAM Port 

High Speed Serial Read / Write Capability 256 
Tap Locations 
Fully Static Register 

• RAM - SAM Bidirectional Transfer 

Read / Write / Pseudo Write Transfer 
Real Time Read Transfer 
Split Read / Write Transfer 

• Package 

TC528128BJ : SOJ40-P-400 
TC528128BZ: ZIP40-P-475 



KEY PARAMETERS 



ITEM 


TC528128B 


— 80 


— 10 


l RAC 


RAS Access Time 
(Max.) 


80ns 


100ns 


tCAC 


CAS Access Time 
(Max.) 


25 ns 


25ns 


l AA 


Column Address Access 
Time (Max.) 


45ns 


50ns 


l RC 


Cycle Time (Min.) 


150ns 


180ns 


l PC 


Page Mode Cycle Time 
(Min.) 


50ns 


55ns 


l SCA 


Serial Access Time 
(Max.) 


25ns 


25ns 


tscc 


Serial Cycle Time (Min.) 


30ns 


30ns 


Icci 


RAM Operating Current 
(SAM : Standby) 


90mA 


75mA 


CC2A 


SAM Operating Current 
(RAM : Standby) 


50mA 


50mA 


I CC2 


Standby Current 


10mA 


10mA 
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PIN NAME 



A0-A8 


Address inputs 


RAS 


Row Address Strobe 


CAS 


Column Address Strobe 


DT/OE 


Data Transfer/Output Enable 


WB/W1 


Write per Bit/Write Enable 


DSF 


Special Function Control 


Wl/IOl -W4/I08 


Write Mask/Data IN, OUT 


SC 


Serial Clock 


SE 


Serial Enable 


SI01-SI08 


Serial Input/Output 


QSF 


Special Flag Output 


Vcc/Vss 


Power(5V)/Ground 


N.C. 


No Connection 



PIN CONNECTION (TOP VIEW) 







TC528128BJ 
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o 


40 


3 


Vssr 


SI01 


C 


2 


39 


3 


SI08 


SI02 


C 


3 


38 


3 


SI07 


SI03 


C 


4 


37 


3 


SI06 


SI04 


C 


5 


36 


3 


SI05 


ST/Uf 


c 


6 


35 


3 


ST 


W1/I01 


c 


7 


34 


3 


W8/I08 


W2/I02 


c 


8 


33 


3 


W7/I07 


W3/I03 


[ 


9 


32 


3 


W6/I06 


W4/I04 


c 


10 


31 


3 


W5/I05 


Vcci 


C 


11 


30 


3 


V S S2 




d 


12 


29 


3 


DSF 


NC 


c 


13 


28 


3 


NC 




c 


14 


27 


3 


CAT 


NC 


c 


15 


26 


3 


QSF 


A8 


c 


16 


25 


3 


AO 


A6 


c 


17 


24 


3 


A1 


A5 


c 


18 


23 


3 


A2 


A4 


c 


19 


22 


3 


A3 


V C C2 


c 


20 


21 


3 


A7 



C-114 



TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



TC528128B 



BLOCK DIAGRAM 
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ABSOLUTE MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


NOTE 


Vin> V oux 


Input Output Voltage 


— 1.0-7.0 


V 


1 


V CC 


Power Supply Voltage 


— 1.0-7.0 


V 


1 


Topr 


Operating Temperature 


0-70 


°c 




T STG 


Storage Temperature 


— 55-150 


°c 




^SOLDER 


Soldering Temperature • Time 


260« 10 


°C«sec 




P D 


Power Dissipation 


1 


W 




Iqut 


Short Circuit Output Current 


50 


mA 





RECOMMENDED D.C. OPERATING CONDITIONS (Ta = 0~70°C) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


NOTE 


Vcc 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


2 


V tH 


Input High Voltage 


2.4 




6.5 


V 


2 


VjL 


Input Low Voltage 


—1.0 




0.8 


V 


2 



CAPACITANCE (V CC =5V, f=lMHz, Ta=25°C) 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNIT 


Ci 


Input Capacitance 




7 


pF 


Qo 


Input/Output Capacitance 




9 


Co 


Output Capacitance (QSF) 




9 



Note: This parameter is periodically sampled and is not 100% tested. 
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D.C. ELECTRICAL CHARACTERISTICS (V cc = 5V ± 10%, Ta = 0~70°C) 



ITEM (RAM PORT) 


SAM PORT 


SYMBOL 


-80 


-10 


UNIT 


NOTE 


MIN. 


MAX. 


MIN. 


MAX. 


OPERATING CURRENT 
/RAS,CASCycling\ 
\tRC = t RC min - / 


Standby 


l CCl 




90 




75 




3,4 


Active 


kiCIA 




130 




115 




3,4 


STANDBY CURRENT 
(RAS, CAS = V IH ) 


Standby 


I CC2 




10 




10 






Active 


!CC2A 




50 




50 




3,4 


RAS ONLY REFRESH CURRENT 
/RAS Cycling, CAS - V IH \ 
^tRC = t RC min - J 


Standby 


!CC3 




90 




75 




3,4 


Active 


tcCSA 




130 




115 




3,4 


PAGE MODE CURRENT 

/ RAS = V IL> CAS Cycling \ 
\tpc = t RC mm - ) 


Standby 


!CC4 




80 




65 




3,4 


Active 


!CC4A 




120 




105 


mA 


3,4 


CAS BEFORE RAS REFRESH CURRENT 
/ RAS Cycling, CAS Before RAS\ 
\t R c = t RC min. J 


Standby 


!CC5 




90 




75 


3,4 


Active 


!CC5A 




130 




115 




3,4 


DATA TRANSFER CURRENT 
/ RAS, CAS Cycling \ 
VRC = t RC min - / 


Standby 


J CC6 




110 




95 




3,4 


Active 


J CC6A 




150 




135 




3,4 


FLASH WRITE CURRENT 
/RAS, CAS Cycling \ 
^ t RC = tRC min - ) 


Standby 


l CC7 




100 




75 




3,4 


Active 


!CC7A 




130 




115 




3,4 


BLOCK WRITE CURRENT 
/RAS, CAS Cyclings 
\tRC = t RC min - J 


Standby 


!CC8 




100 




85 




3,4 


Active 


!CC8A 




140 




125 




3,4 



ITEM 


SYMBOL 


MIN. 


MAX 


UNIT 


NOTE 


INPUT LEAKAGE CURRENT 

0V<V IN <6.5V, All other pins not under test=0V 


k(L) 


—10 


10 


|1A 




OUTPUT LEAKAGE CURRENT 
0V<V OUT <5.5V, OutputDisable 


l O(L) 


—10 


10 


|XA 




OUTPUT "H" LEVEL VOLTAGE 
Iout = " 2mA 


V OH 


2.4 




V 




OUTPUT "L" LEVEL VOLTAGE 

IquT = 2mA 


Vol 




0.4 


V 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS (V cc = 5V ± 10%, Ta = 0~70°C)(Notes: 5, 6, 7) 



siMBUL 


DA D A A^ICTCD 

rAKAMb 1 eK 


- 


80 




10 


T TMTT 

UJN11 


INU lH 


MIN. 


MAX. 


MIN. 


MAX 


l RC 


Random Read or Write Cycle Time 


150 




180 








*RMW 


Read-Modify- Write Cycle Time 


195 




235 








tpc 


Fast Page Mode Cycle Time 


50 




55 








tpRMW 


Fast Page Mode Read-Modify-Write Cycle 
Time 


90 




100 








l RAC 


Access Time from RAS 




80 




100 




8,14 


l AA 


Access Time from Column Address 




45 




50 




8,14 


l CAC 


Access Time from CAS 




25 




25 




8,15 


l CPA 


Access Time from CAS Precharge 




45 




50 




8,15 


toFF 


Output Buffer Turn-Off Delay 





20 





20 




10 


t T 


Transition Time (Rise and Fall) 


3 


35 


3 


35 




7 


*RP 


RAS Precharge Time 


60 




70 








l RAS 


RAS Pulse Width 


80 


10000 


100 


10000 






l RASP 


RAS Pulse Width (Fast Page Mode Only) 


80 


100000 


100 


100000 






l RSH 


RAS Hold Time 


25 




25 








•cSH 


CAS Hold Time 


80 




100 








l CAS 


CAS Pulse Width 


25 


10000 


25 


10000 






l RCD 


RAS to CAS Delay Time 


20 


55 


20 


75 


ns 


14 


*RAD 


RAS to Column Address Delay Time 


15 


35 


15 


50 


14 


tRAL 


Column Address to RAS Lead Time 


45 




50 








l CRP 


CAS to RAS Precharge Time 


10 




10 








l CPN 


CAS Precharge Time 


10 




10 








*cp 


CAS Precharge Time (Fast Page Mode) 


10 




10 








USR 


Row Address Set-Up Time 
















l RAH 


Row Address Hold Time 


10 




10 








l ASC 


Column Address Set-Up Time 
















l CAH 


Column Address Hold Time 


15 




15 








Ur 


Column Address Hold Time referenced to RAS 


55 




70 








l RCS 


Read Command Set-Up Time 
















tRCH 


Read Command Hold Time 














11 


*RRH 


Read Command Hold Time referenced to RAS 














11 


twCH 


Write Command Hold Time 


15 




15 








l WCR 


Write Command Hold Time referenced to RAS 


55 




70 








l WP 


Write Command Pulse Width 


15 




15 








tRWL 


Write Command to RAS Lead Time 


20 




25 








l CWL 


Write Command to CAS Lead Time 


20 




25 
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SYMBOL 


PARAMETER 


-80 




10 


UNIT 


NOTE 


MIN. 


MAX 


MIN. 


MAX 


*DS 


Data Set-Up Time 














12 


*DH 


Data Hold Time 


15 




15 






12 


*DHR 


Data Hold Time referenced to RAS 


55 




70 








*WCS 


Write Command Set-Up Time 














13 


*RWD 


RAS to WE Delay Time 


100 




130 






13 


*AWD 


Column Address to WE Delay Time 


65 




80 






13 


*CWD 


CAS to WE Delay Time 


45 




55 






13 


*DZC 


Data to CAS Delay Time 
















^DZO 


Data to OE Delay Time 












ns 




toEA 


Access Time from OE 




20 




25 




8 


^OEZ 


Output Buffer Turn-off Delay from OE 





10 





20 




10 


*OED 


OE to Data Delay Time 


10 




20 








^OEH 


OE Command Hold Time 


10 




20 








tROH 


RAS Hold Time referenced to OE 


15 




15 








*CSR 


CAS Set-Up Time for CAS Before RAS Cycle 


10 




10 








^CHR 


CAS Hold Time for CAS Before RAS Cycle 


10 




10 








^RPC 


RAS Precharge to CAS Active Time 
















tREF 


Refresh Period 




8 




8 


ms 




*WSR 


WB Set-Up Time 
















*RWH 


WB Hold Time 


15 




15 








*FSR 


DSF Set-Up Time referenced to RAS 
















*RFH 


DSF Hold Time referenced to RAS(l) 


15 




15 








*FHR 


DSF Hold Time referenced to RAS(2) 


55 




70 








*FSC 


DSF Set-Up Time referenced to CAS 
















*CFH 


DSF Hold Time referenced to CAS 


15 




15 








l MS 


Write-Per-Bit Mask Data Set-Up Time 


n 
U 













*MH 


Write-Ppr-Rit Mask Data Hnld Timp 


15 




15 




ns 




^THS 


DT High Set-Up Time 














l THH 


DT High Hold Time 


15 




15 








^•TLS 


DT Low Set-Up Time 
















tr TLH 


DT Low Hold Time 


15 


10000 


15 


10000 






l RTH 


DT Low Hold Time referenced to RAS 
(Real Time Read Transfer) 


65 


10000 


80 


10000 






Uth 


DT Low Hold Time referenced to Column 
Address (Real Time Read Transfer) 


30 




30 










DT Low Hold Time referenced to CAS 
(Real Time Read Transfer) 


25 




25 
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SYMBOL 


PARAMETER 


-80 




10 


UNIT 


NOTE 


MIN. 


MAX. 


MIN. 


MAX. 


^ESR 


SE Set-Up Time referenced to RAS 
















^REH 


SE Hold Time referenced to RAS 


15 




15 








t-TRP 


DT to RAS Precharge Time 


60 




70 








tj-p 


DT Precharge Time 


20 




30 








*RSD 


RAS to First SC Delay Time (Read Transfer) 


80 




100 








USD 


Column Address to First SC Delay Time 
(Read Transfer) 


45 




50 








CSD 


CAS to First SC Delay Time (Read Transfer) 






25 








t-TSL 


j_,asi 10 \j i JLedQ i lme 
(Real Time Read Transfer) 


5 












L TSD 


DT to First SC Delay Time (Read Transfer) 


15 




15 








^SRS 


Last SC to RAS Set-Up Time (Serial Input) 


30 




30 








^SRD 


RAS to First SC Delay Time (Serial Input) 


25 




25 








^SDD 


RAS to Serial Input Delay Time 


50 




50 








^SDZ 


Serial Output Buffer Turn-off Delay from RAS 


10 


50 


10 


50 




10 




(Pseudo Write Transfer) 












l scc 


SC Cycle Time 


30 




30 








he 


SC Pulse Width (SC High Time) 


10 




10 








tscp 


SC Precharge Time (SC Low Time) 


10 




10 








l SCA 


Access Time from SC 




25 




25 




9 


hou 


Serial Output Hold Time from SC 


5 




5 








l SDS 


Serial Input Set-Up Time 
















tSDH 


Serial Input Hold Time 


15 




15 








l SEA 


Access Time from SE 




25 




25 




9 


l SE 


SE Pulse Width 


25 




25 








l SEP 


SE Precharge Time 


25 




25 








tsEZ 


Serial Output Buffer Turn-off Delay from SE 





20 





20 




10 


l SZE 


Serial Input to SE Delay Time 
















tszs 


Serial Input to First SC Delay Time 
















tsws 


Serial Write Enable Set-Up Time 
















tsWH 


Serial Write Enable Hold Time 


15 




15 








tswis 


Serial Write Disable Set-Up Time 
















tsWIH 


Serial Write Disable Hold Time 


15 




15 








tsTS 


Split Transfer Set-Up Time 


30 




30 








tSTH 


Split Transfer Hold Time 


30 




30 








tsQD 


SC-QSF Delay Time 




25 




25 






^TQD 


DT-QSF Delay Time 




25 




25 






l CQD 


CAS-QSF Delay Time 




35 




35 






*RQD 


RAS-QSF Delay Time 




75 




90 
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NOTES: 

1 . Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to 
the device. 

2. All voltage are referenced to V ss . 

3. These parameters depend on cycle rate. 

4. These parameters depend on output loading. Specified values are obtained with the output open. 

5. An initial pause of 200(is is required after power-up followed by any 8 RAS cycles (DT/OE "high") and 
any 8 SC cycles before proper device operation is achieved. In case of using internal refresh counter, a 
minimum of 8 CAS before RAS initialization cycles instead of 8 RAS cycles are required. 

6. AC measurements assume t x = 5ns. 

7- V IH (min ) and V IL (max ) are reference levels for measuring timing of input signals. Also, transition times 
are measured between V IH and V IL . 

8. RAM port outputs are measured with a load equivalent to 1 TTL load and lOOpF. 
D OUT reference levels : V OH / V OL = 2.0V / 0.8V. 

9. SAM port outputs are measured with a load equivalent to 1 TTL load and 30pF. 
D oux reference levels : V OH / V OL = 2.0V / 0.8V. 

10. 

•off (max.)' 1 oez (max.)' 1 sdz (max.) an d tsEZ (max.) define the time at which the outputs achieve the open 
circuit condition and are not referenced to output voltage levels. 

1 1 . Either t RCH or t RRH must he satisfied for a read cycles. 

12. These parameters are referenced to CAS leading edge of early write cycles and to WB / WE leading 
edge in OE-controlled write cycles and read-modify-write cycles. 

13. l wcS' tRWD' 1 cwd an d 1 awd are not restrictive operating parameters. They are included in the data sheet 
as electrical characteristics only. If t wcs > t wcs ( m j n ), the cycle is an early write cycles and the data out 
pin will remain open circuit (high impedance) throughout the entire cycle; If t RWD > t RWD ( m j n ), t CWD > 
t CWD ( min j and t AWD > t AWD ( min ) the cycle is a read-modify-write cycle and the data out will contain 
data read from the selected cell : If neither of the above sets of conditions is satisfied, the condition of 
the data out (at access time) is indeterminate. 

14. Operation within the t RCD ( max .) limit insures that t RAC ( max ) can he met. 

t RCD ( max .) is specified as a reference point only : If t RCD is greater than the specified 
t RCD (max limit, then access time is controlled by t CAC . 

15. Operation within the t RAD ( max .) limit insures that t RAC (max ) can be met. t RAD (max .) is specified as a 
reference point only: If t RAD is greater than the specified t RAD ( max ) limit, then access time is controlled 
by t AA . 



TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



C-121 



TC528128B 



TIMING WAVEFORM 
READ CYCLE 




Vot- 



: "H" or "L" 
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*1 Wb/we 


W1/I01-W8/I08 


Cycle 





WM1 data 


Write per bit 


1 


Don't Care 


Normal Write 



WM1 data 0: Write Disable 

1 : Write Enable 
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WRITE CYCLE (OE CONTROLLED WRITE) 




*1 WB/WE 


W1/I01-W8/I08 


Cycle 





WM1 data 


Write per bit 


1 


Don't Care 


Normal Write 



WM1 data 0: Write Disable 

1 : Write Enable 
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READ-MODIFY-WRITE CYCLE 



Ia5 



ca5 



V| H ~ 
VlL - 



tCRP. 



< t AR > 














t RC0 , , 


tRSH 





WB/WE 



DT/OE 



WW 101 
-W8/I08 



OUT 




Vol - 



0PEN Q8%& 



*i Wb/we 


W1/I01-W8/I08 


Cycle 





WM1 data 


Write per bit 


l 


Don't Care 


Normal Write 



WM1 data 



0: Write Disable 
1 : Write Enable 
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FAST PAGE MODE READ CYCLE 



VlL - 



JCRP 



*RCD 



tpc 



*JSL+ tcAS , 



tRSH 



tRP 




i out y° H ~- 



. OPEN 1 DATA-OUT > 



"H" or "L" 
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FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 




*1 Wb/we 


W1/I01-W8/I08 


Cycle 





WM1 data 


Write per bit 


1 


Don't Care 


Normal Write 



WM1 data 0: Write Disable 

1 : Write Enable 



TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



C-127 



TC528128B 




*1 Wb/we 


W1/I01~W8/I08 


Cycle 





WM1 data 


Write per bit 


1 


Don't Care 


Normal Write 



WM1 data 0: Write Disable 

1: Write Enable 
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RAS ONLY REFRESH CYCLE 
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CAS BEFORE RAS REFRESH CYCLE 
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READ COLOR REGISTER CYCLE 
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BLOCK WRITE CYCLE 



CA5 



W1/I01 
-W8/I08 




V| H — : 

WB/WE u 



OUT 



V H- 
VOL -~ 



OPEN 



: "H" or "L" 



*1 WB/WE 


*2 W1/I01~W8/I08 


Cycle 





WM1 data 


Masked Block Write 


1 


Don't Care 


Block Write (Non Mask) 



WM1 data 



0: Write Disable 
1 : Write Enable 



Wn/IOn 



*3 COLUMN SELECT 

Wl/IOl - Column (A 1C = 0, A oc = 
W2/I02 - Column 1 (A 1C = 0, A oc = 1 

W3/I03 - Column 2 (A 1C = 1 , A oc = I Disa ble 

W4/I04 -Column 3 (A 1C = 1,A 0C = 1 J = i 
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PAGE MODE BLOCK WRITE CYCLE 




*1 WB/WE 


*2 W1/I01-W8/I08 


Cycle 





WM1 data 


Masked Block Write 


1 


Don't Care 


Block Write (Non Mask) 



WM1 data 0: Write Disable 

1 : Write Enable 



*3 COLUMN SELECT 

Wl/IOl - Colume (A 1C = 0, A oc = 





W2/I02 - Column 1 (A 1C = 0, A oc = 1 ■ W^ " 



W3/I03 - Column 2 (A 1C = 1 , A oc = f Disable 
W4/I04 - Column 3 (A 1C = 1 , A oc = 1 J = l 
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READ TRANSFER CYCLE (Previous Transfer is WRITE TRANSFER CYCLE) 




Note : 5E = V, L 



VALID J \J 
DATA-OUT. l\ 

TAP MSB (A7) 

YJfflfft ■ "H* or "L" 
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REAL TIME READ TRANSFER CYCLE 



CAS 



WB,WT £ j| 



WW 101 V H — 
~W8/I08 Vql - 



sc 



SI01 
~SI08 




„„, V H _ V VALID : V c VAUD V VALID \/ 
OUT y QL _ A DATA-OUT . C\ r DATA-OUT A DATA-OUT A 



VALID 
DATA-OUT 



Previous Row Data 



X 



K VALID \/~ 
DATA-OUT A , 



New Row Data 



TAP MSB (A7) 



Note : ST « V, L 
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PSEUDO WRITE TRANSFER CYCLE 




VOL- 



Serial Output Data 



Serial Input Data 
I : "H" or "L" 
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WRITE TRANSFER CYCLE 



ra5 



WB/WE 



DT/OE" 



W1/I01 V H 
-W8/I08 Vql 



51 



SIOI 
~SI08 



QSF 




WM1 data: 0: Transfer Disable 
1 : Transfer Enable 
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SPLIT WRITE TRANSFER CYCLE 



WB/WE 




WW 101 V OH 

-W8/I08 V 0L 



SI01 V IH ~255 
~SI08 V, L —(127) 



(n+"l28)X(""*2^""*W (253) X (254) X^STa"U 28 X ^" 



*SQD 



QSF 



V H ~ 

v ol - 



X 




*SQO 



Lower SAM 0-127 



Upper SAM 128-255 



Note : ST = V, L 
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PIN FUNCTION 
ADDRESS INPUTS : A ~ A 8 

The 17 address bits required to decode 8 bits of the 1,048,576 cell locations within the dynamic RAM 
memory array of the TC528128B are multiplexed onto 9 address input pins (Ag-Ag). Nine row address bits are 
latched on the falling edge of the row address strobe (RAS) and the following eight column address bits are 
latched on the falling edge of the column address strobe (CAS). 

ROW ADDRESS STROBE : RAS 

A random access cycle or a data transfer cycle begins at the falling edge of RAS. RAS is the control input 
that latches the row address bits and the states of CAS, DT/OE, WB/WE, SE and DSF to invoke the various 
random access and data transfer operating modes shown in Table 2. RAS has minimum and maximum pulse 
widths and a minimum precharge requirement which must be maintained for proper device operation and data 
integrity. The RAM port is placed in standby mode when the RAS control is held "high". 

COLUMN ADDRESS STROBE : CAS 

CAS is the control input that latches the column address bits and the state of the special function input DSF 
to select, in conjunction with the RAS control, either read / write operations or the special block write feature 
on the RAM port when the DSF input is held "low" at the falling edge of RAS. Refer to the operation truth table 
shown in Table 1 . CAS has minimum and maximum pulse widths and a minimum precharge requirement which 
must be maintained for proper device operation and data integrity. CAS also acts as an output enable for the 
output buffers on the RAM port. 

DATA TRANSFER/OUTPUT ENABLE : DT/OE 

The DT/OE input is a multifunction pin. When DT/OE is "high" at the falling edge of RAS, RAM port 
operations are performed and DT/OE is used as an output enable control. When the DT/OE is "low" at the falling 
edge of RAS, a data transfer operation is started between the RAM port and the SAM port. 
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WRITE PER BIT/WRITE ENABLE : WB/WE 

The WB/WE input is also a multifunction pin. When WB/WE is "high" at the falling edge of RAS, during 
RAM port operations, it is used to write data into the memory array in the same manner as a standard DRAM. 
When WB/WE is "low" at the falling edge of RAS, during RAM port operations, the write-per-hit function is 
enabled. The WB/WE input also determines the direction of data transfer between the RAM array and the serial 
register (SAM). When WB/ WE is "high" at the falling edge of RAS, the data is transferred from RAM to SAM 
(read transfer). When WB/WE is "low" at the falling edge of RAS, the data is transferred from SAM to RAM 
(masked- write transfer). 

WRITE MASK DATA/DATA INPUT AND OUTPUT : W^IO^Wg/IOg 

When the write-per-bit function is enabled, the mask data on the Wj/IOj pins is latched into the write mask 
register (WM1) at the falling edge of RAS. Data is written into the DRAM on data lines where the write-mask 
data is a logic "1". Writing is inhibited on data lines where the write-mask data is a logic "0". The write-mask 
data is valid for only one cycle. Data is written into the RAM port during a write or read-modify-write cycle. 
The input data is latched at the falling edge of either CAS or WB/WE, whichever occurs late. During an early- 
write cycle, the outputs are in the high impedance state. Data is read out of the RAM port during a read or read- 
modify-write cycle. The output data becomes valid on the W/IOj pins after the specified access times from RAS, 
CAS, DT/OE and column address are satisfied and will remain valid as long as CAS and DT/OE are kept "low". 
The outputs will return to the high-impedance state at the rising edge of either CAS or DT/OE, whichever occurs 
first. 

SERIAL CLOCK : SC 

All operations of the SAM port are synchronized with the serial clock SC. Data is shifted in or out of the 
SAM registers at the rising edge of SC. In a serial read, the output data becomes valid on the SIO pins after the 
maximum specified serial access time t SCA from the rising edge of SC. The serial clock SC also increments the 
8-bits serial pointer (7 -bits in split register mode) which is used to select the SAM address. The pointer address 
is incremented in a wrap-around mode to select sequential locations after the starting location which is 
determined by the column address in the read transfer cycle. When the pointer reaches the most significant 
address location (decimal 255), the next SC clock will place it at the least significant address location (decimal 
0). The serial clock SC must he held at a constant V m or V IL level during read / pseudo write / write transfer 
operations and should not he clocked while the SAM port is in the standby mode to prevent the SAM pointer 
from being incremented. 
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SERIAL ENABLE : SE 

The SE input is used to enable serial access operation. In a serial read cycle, SE is used as an output control. 
In a serial write cycle, SE is used as a write enable control. When SE is "high", serial access is disabled, 
however, the serial address pointer location is still incremented when SC is clocked even when SE is "high". 

SPECIAL FUNCTION CONTROL INPUT : DSF 

The DSF input is latched at the falling edge of RAS and CAS and allows for the selection of various 
random port and data transfer operating modes. In addition to the conventional multiport DRAM, the special 
features consisting of flash write, block write, load color register and split read / write transfer can be invoked. 

SPECIAL FUNCTION OUTPUT : QSF 

QSF is an output signal which, during split register mode, indicates which half of the split SAM is being 
accessed. QSF "low" indicates that the lower split SAM (Bit 0-127) is being accessed and QSF "high" indicates 
that the upper split SAM (Bit 128-255) is being accessed. QSF is monitored so that after it toggles and after 
allowing for a delay of t STS split read / write transfer operation can be performed on the non-active split SAM. 

SERIAL INPUT/OUTPUT : SI01-SI08 

Serial input and serial output share common I/O pins. Serial input or output mode is determined by the 
most recent read, write or pseudo write transfer cycle. When a read transfer cycle is performed, the SAM port 
is in the output mode. When a write or pseudo write transfer cycle is performed, the SAM port is switched from 
output mode to input mode. During subsequent write transfer cycle, the SAM remains in the input mode. 
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OPERATION MODE 

The RAM port and data transfer operating of the TC524258B are determined by the state of CAS, DT/OE, 
WB/WE, SE and DSF at the falling edge of RAS and by the state of DSF at the falling edge of CAS . The Table 
1 and the Table 2 show the operation truth table and the functional truth table for a listing of all available RAM 
port and transfer operation, respectively. 

Table 1 . Operaton Truth Table 



CAS falling edge 



RAS falling edge 


^DSF 
sDSF 








1 


1 


\ \pE \WE \ 





1 





1 









* 




CAS before RAS Refresh 








1 











Masked Write Transfer 


Split Write Transfer with 


Masked Write Transfer 


Split Write Transfer with 




1 








1 


Pseudo Write Transfer 


Mask 


Pseudo Write Transfer 


Mask 




1 





1 




Read Transfer 


Split Read Transfer 


Read Transfer 


Split Read Transfer 




1 


1 







Read/Write per Bit 


Masked Flash Write 


Masked Block Write 


Masked Flash Write 




1 


1 


1 


* 


Read/Write 


Load Color 


Block Write 


Load Color 



2. Functional Truth Table 



Function 


RAS "t_ 


CAS^_ 


Address 


W/IO 


Write 
Mask 


Register 


CAS 


DT/OE 


WB/WE 


DSF 


SE 


DSF 


RAS t 


CAS~L 


RAS t_ 


CAS^L. 


CAS^L 
WE I 


WM1 


Color 


CAS before RAS Refresh 





* 






* 




















Masked Write Transfer 
















* 


Row 


TAP 


WM1 


* 


* 


WM1 


Load 
use 




Pseudo Write Transfer 













1 


* 


Row 


TAP 




* 










Split Write Transfer 










1 






Row 


TAP 


WM1 






WM1 


Load 
use 




Read Transfer 







1 





* 




Row 


TAP 


* 


* 










Split Read Transfer 







1 


1 






Row 


TAP 


* 




* 








Write per Bit 












* 





Row 


Column 


WM1 




DIN 


WM1 


Load 
use 




Masked Block Write 












* 


1 


Row 


Column 
A2C-7C 


WM1 


Column 
Select 




WM1 


Load 
use 


use 


Masked Hash Write 









1 






Row 


* 


WM1 




* 


WM1 


Load 
use 


use 


Read Write 






1 





* 





Row 


Column 


* 




DIN 








Block Write 






1 







1 


Row 


Column 
A2C-7C 


* 


Column 
Select 








use 


Load Color 






1 


1 


* 




Row 


* 


* 




Color 






Load 



* : "O" or "1" , TAP : SAM start address , : not used 



If the special function control input (DSF) is in the "low" state at the falling edges of RAS and CAS, only 
the conventional multiport DRAM operating features can be invoked: CAS-before-RAS refresh, write transfer, 
pseudo-write transfer, read transfer and read write modes. If the DSF input is "high" at the falling edge of RAS, 
special features such as split write transfer, split read transfer, flash write and load color register can be invoked. 
If the DSF input is "low" at the falling edge of RAS and "high" at the falling edge of CAS, the block write special 
feature can be invoked. 
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RAM PORT OPERATION 



FAST PAGE MODE CYCLE 



Fast page mode allows data to be transferred into or out of multiple column locations of the same row by 
performing multiple CAS cycle during a single active RAS cycle. During a fast page cycle, the RAS signal may 
be maintained active for a period up to 100 U-seconds. For the initial fast page mode access, the output data is 
valid after the specified access times from RAS, CAS, column address and DT/OE. For all subsequent fast page 
mode read operations, the output data is valid after the specified access times from CAS, column address and 
DT/OE, When the write-per-bit function is enabled, the mask data latched at the falling edge of RAS is 
maintained throughout the fast page mode write or read-modify-write cycle. 



The data in the DRAM requires periodic refreshing to prevent data loss. Refreshing is accomplished by 
performing a memory cycle at each of the 5 12 rows in the DRAM array within the specified 8ms refresh period. 
Although any normal memory cycle will perform the refresh operation, this function is most easily 
accomplished with "RAS-Only" cycle. 



The TC528128B also offers an internal-refresh function. When CAS is held "low" for a specified period 
(t CSR ) before RAS goes "low", an internal refresh address counter and on-chip refresh control clock generators 
are enabled and an internal refresh operation takes place. When the refresh operation is completed, the internal 
refresh address counter is automatically incremented in preparation for the next CAS-before-RAS cycle. For 
successive CAS-before-RAS refresh cycle, CAS can remain "low" while cycling RAS. 



A hidden refresh is a CAS-before-RAS refresh performed by holding CAS "low" from a previous read 
cycle. This allows for the output data from the previous memory cycle to remain valid while performing a 
refresh. The internal refresh address counter provides the address and the refresh is accomplished by cycling 
RAS after the specified RAS-precharge period (Refer to Figure 1). 
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Figure 1 . Hidden Refresh Cycle 
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WRITE-PER-BIT FUNCTION 

The write-per-bit function selectively controls the internal write-enable circuits of the RAM port. When 
WB / WE is held "low" at the falling edge of RAS, during a random access operation, the write-mask is enabled. 
At the same time, the mask data on the Wj / IO ; pins is latched onto the write-mask register (WM1). When a "0" 
is sensed on any of the Wi / 10; pins, their corresponding write circuits are disabled and new data will not be 
written, When a " 1 " is sensed on any of the Wj / IOj pins, their corresponding write circuits will remain enabled 
so that new data is written. The truth table of the write-per-bit function is shown in Table 3. 



Table 3. Truth table for write-per-bit function 



At the falling edge of RAS 


Function 


CAS 


DT/OE 


WB/WE 


Wi/IOi (i=l~8) 


H 


H 


H 


* 


Write Enable 


H 


H 


.L 


1 


Write Enable 





Write Mask 



An example of the write-per-bit function illustrating its application to displays is shown in Figures 2 and 3. 
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Figure 2. Write-per-bit timing cycle 
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Figure 3. Corresponding bit-map 
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LOAD COLOR REGISTER/READ COLOR REGISTER 

The TC528128B is provided with an on-chip 8-bits register (color register) for use during the flash write 
or block write operation. Each bit of the color register corresponds to one of the DRAM I/O blocks. The load 
color register cycle is initiated by holding CAS, WB/WE, DT/OE and DSF "high" at the falling edge of RAS. 
The data presented on the W/IOj lines is subsequently latched into the color register at the falling edge of either 
CAS or WB/WE, whichever occurs last. The data stored in the color register can be read out by performing a 
read color register cycle. This cycle is activated by holding CAS, WB/WE, DT/OE and DSF "high" at the falling 
edge of RAS and by holding WB/WE "high" at the falling edge of CAS and throughout the remainder of the 
cycle. The data in the color register becomes valid on the W/IO; lines after the specified access times from RAS 
and DT/OE are satisfied. During the load/read color register cycle, valid A ~A 8 row addresses are not required, 
but the memory cells on the row address latched at the falling edge of RAS are refreshed. 

FLASH WRITE 

Flash write is a special RAM port write operation which in a single RAS cycle, allows for the data in the 
color register to be written into all the memory locations of a selected row. Each bit of the color register 
corresponds to one of the DRAM I/O blocks and the flash write operation can be selectively controlled on an 1/ 
O basis in the same manner as the write-per-bit operation. 

A flash write cycle is performed by holding CAS "high", WB/WE "low" and DSF "high" at the falling 
edge of RAS. The mask data must also be provided on the Wj/IO; lines at the falling edge of RAS in order to 
enable the flash write operation for selected I/O blocks (Refer to Figure 4 and 5). 

Flash write is most effective for fast plane clear operations in frame buffer applications. Selected planes 
can be cleared by performing 512 flash write cycle and by specifying a different row address location during 
each flash write cycle (Refer to Figure 6). Assuming a cycle time of 180ns, a plane clear operation can be 
completed in less than 92.2 ^seconds. 
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Figure 4. Flash Write Timing 
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Figure 6. Plane clear application example 

BLOCK WRITE 

Block write is also a special RAM port write operation which, in a single RAS cycle, allows for the data 
in the color register to be written into 4 consecutive column address locations starting from a selected column 
address in a selected row. The block write operation can be selectively controlled on an I/O basis and a column 
mask capability is also available. 

A block write cycle is performed by holding CAS, DT/OE "high" and DSF "low" at the falling edge of 
RAS and by holding DSF "high" at the falling edge of CAS. The state of the WB/WE input at the falling edge 
of RAS determines whether or not the I/O data mask is enabled (WB/WE must be "low " to enable the I/O data 
mask or "high" to disable it). At the falling edge of RAS, a valid row address and I/O mask data are also 
specified. At the falling edge of CAS, the starting column address location and column mask data must be 
provided. During a block write cycle, the 2 least significant column address locations (AOC and A1C) are 
internally controlled and only the six most significant column addresses (A2C-A7C) are latched at the falling 
edge of CAS. (Refer to Figure 7). 

An example of the block write function is shown in Figure 8 with a data mask on Wj/IO^ W 4 / 10 4 , W 6 / 
I0 6 , W 7 / IO ? and column 2. Block write is most effective for window clear and fill operation in frame buffer 
applications, as shown in the examples in Figure 9. 
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Figure 7. Block Write Timing 
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Figure 8. Example of Block Write Operation 
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Figure 9. Examples of Block Write Application 
FAST PAGE MODE BLOCK WRITE CYCLE 

Fast page mode block write can be used to perform high speed clear and fill operations. The cycle is 
initiated by holding the DSF signal "low" at the falling edge of RAS and a fast page mode block write is 
performed during each subsequent CAS cycle with DSF held "high" at the falling edge of CAS. 

If the DSF signal is "low" at the falling edge of CAS, a normal fast page mode read / write operation will 
occur. Therefore a combination of block write and read / write operations can be performed during a fast page 
mode block write cycle. Refer to the example shown in Figure 10. 
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Block Write Cycle 



Figure 10. Fast Page Mode Block Write Cycle 
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SAM PORT OPERATION 

The TC528128B is provided with a 256 words by 8 bits serial access memory (SAM) which can be 
operated in the single register mode or the split register mode. 

SINGLE REGISTER MODE 

When operating in the single register mode, high speed serial read or write operations can be performed 
through the SAM port independent of the RAM port operations, except during read / write / pseudo-write 
transfer cycles. The preceding transfer operation determines the direction of data flow through the SAM port. If 
the preceding transfer operation is a read transfer, the SAM port is in the output mode. If the preceding transfer 
operation is a write or pseudo write transfer, the SAM port is in the input mode. The pseudo write transfer 
operation only switches the SAM port from output mode to input mode; Data is not transferred from SAM to 
RAM. 

Serial data can be read out of the SAM port after a read transfer (RAM— »SAM) has been performed. The 
data is shifted out of the SAM port starting at any of the 256 bits locations. 

The TAP location corresponds to the column address selected at the falling edge of CAS during the read 
transfer cycle. The SAM registers are configured as circular data registers. The data is shifted out sequentially 
starting from the selected tap location to the most significant bit and then wraps around to the least significant 
bit, as illustrated below. 



Start address : Tap location 
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253 


254 
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Subsequent real-time read transfer may be performed on-the-fly as many times as desired, within the 
refresh constraints of the DRAM array. Simultaneous serial read operation can be performed with some timing 
restrictions. A pseudo write transfer cycle is performed to change the SAM port from output mode to input mode 
in order to write data into the serial registers through the SAM port. A write transfer cycle must be used 
subsequently to load the SAM data into the RAM row selected by the row address at the falling edge of RAS. 
The starting location in the SAM registers for the next serial write is selected by the column address at the falling 
edge of CAS. The truth table for single register mode SAM operation is shown in Table 4. 
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Table 4. Truth Table for SAM Port Operation 



SAM PORT 
OPERATION 


DT/OE at the 
falling edge of RAS 


SC 


SE 


FUNCTION 


Preceded by a 


Serial Output Mode 




XL 


L 


Enable Serial Read 


Read Transfer 




H 


Disable Serial Read 


Serial Input Mode 


H 


_TL 


L 


Enable Serial Write 


Write Transfer 


H 


Disable Serial Write 


Serial Input Mode 




_TL 


L 


Enable Serial Write 


Pseudo Write Transfer 






H 


Disable Serial Write 



SPLIT REGISTER MODE 

In split register mode, data can be shifted into or out of one half of the SAM while a split read or split write 
transfer is being performed on the other half of the SAM. A normal (Non-split) read / write / pseudo write 
transfer operation must precede any split read / write transfer operation. The non-split read, write and pseudo 
write transfer will set the SAM port into output mode or input mode. The split read and write transfers will not 
change the SAM port mode set by preceding normal transfer operation. RAM port operation may be performed 
independently except during split transfers. In the split register mode, serial data can be shifted in or out of one 
of the split SAM registers starting from any at the 128 tap locations, excluding the last address of each split 
SAM, data is shifted in or out sequentially starting from the selected tap location to the most significant bit (127 
or 255) of the first split SAM and then the SAM pointer moves to the tap location selected for the second split 
SAM to shift data in or out sequentially starting from this tap location to the most significant bit (255 or 127) 
and finally wraps around to the least significant bit, as illustrated in the example below. 
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REFRESH 

The SAM data registers are static flip-flop, therefore a refresh is not required. 
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DATA TRANSFER OPERATION 

The TC528128B features two types of internal bidirectional data transfer capability between RAM and the 
SAM, as shown in Figure 1 1 . During a normal (Non-split) transfer, 256 words by 8 bits of data can be loaded 
from RAM to SAM (Read Transfer) or from SAM to RAM (Write Transfer). During a split transfer, 128 words 
by 8 bits of data can be loaded from the lower / upper half of the RAM into the lower/upper half of the SAM 
(Split Read Transfer) or from the lower / upper half of the SAM into the lower / upper half of the RAM (Split 
Write Transfer). The normal transfer and split transfer modes are controlled by the DSF special function input 
signal. 
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Figure 11. (a) Normal (Non-split) Transfer 



(b) Split Transfer 



As shown in Table 5, the TC528128B supports five types of transfer operations: Read transfer, Split read 
transfer, Write transfer, Split write transfer and Pseudo write transfer. Data transfer operations between RAM 
and SAM are invoked by holding the DT / OE signal "low" at the falling edge of RAS. The type of data transfer 
operation is determined by the state of CAS, WB / WE, SE and DSF latched at the falling edge of RAS. During 
normal (Non-split) data transfer operations, the SAM port is switched from input to output mode (Read transfer) 
or output to input mode (Write transfer / Pseudo write transfer) whereas it remains unchanged during split 
transfer operations (Split read or split write transfers). During a data transfer cycle, the row address Ao~A 8 select 
one of the 5 12 rows of the memory array to or from which data will be transferred and the column address A ~A 7 
select one of the tap locations in the serial register. The selected tap location is the start position in the SAM port 
from which the first serial data will be read out during the subsequent serial read cycle or the start position in 
the SAM port into which the first serial data will be written during the subsequent serial write cycle. During split 
data transfer cycles, the most significant column address (A7C) is controlled internally to determine which half 
of the serial register will be reloaded from the RAM array. 
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Table 5. Transfer Modes 



at the falling edge of RAS 


Transfer Mode 


Transfer Direction 


Transfer Bit 


SAM Port Mode 


CAS 


DT/OE 


WB/WE 


SE 


DSF 


H 


L 


H 


* 


L 


Read Transfer 


RAM -> SAM 


256x8 


Input -> Output 


H 


L 


L 


L 


L 


Write Transfer 


SAM -> RAM 


256x8 


Output — » Input 


H 


L 


L 


H 


L 


Pseudo Write Transfer 






Output — > Input 


H 


L 


H 


* 


H 


Split Read Transfer 


RAM -> SAM 


128x8 


Not changed 


H 


L 


L 


* 


H 


Split Write Transfer 


SAM -> RAM 


128x8 


Not changed 



* : "H" or "L" 



READ TRANSFER CYCLE 

A read transfer consists of loading a selected row of data from the RAM array into the SAM register. A 
read transfer is invoked by holding CAS "high", DT/OE "low" WB/WE "high" and DSF "low" at the falling 
edge of RAS. The row address selected at the falling edge of RAS determines the RAM row to be transferred 
into the SAM. The transfer cycle is completed at the rising edge of DT/OE. When the transfer is completed, the 
SAM port is set into the output mode. In a read / real time read transfer cycle, the transfer of a new row of data 
is completed at the rising edge of DT/OE and this data becomes valid on the SIO lines after the specified access 
time t SCA from the rising edge of the subsequent serial clock (SC) cycle. The start address of the serial pointer 
of the SAM is determined by the column address selected at the falling edge of CAS. 

Figure 12 shows the operation block diagram for read transfer operation. 
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Figure 12. Block Diagram for Read Transfer Operation 



In a read transfer cycle (which is preceded by a write transfer cycle), the SC clock must be held at a 
constant V IL or V IH , after the SC high time has been satisfied. A rising edge of the SC clock must not occur until 
after the specified delay t TSD from the rising edge of DT/OE, as shown in Figure 13. 
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Figure 13. Read Transfer Timing 

In a real time read transfer cycle (which is preceded by another read transfer cycle), the previous row data 
appears on the SIO lines until the DT/OE signal goes "high" and the serial access time t SCA for the following 
serial clock is satisfied. This feature allows for the first bit of the new row of data to appear on the serial output 
as soon as the last bit of the previous row has been strobed without any timing loss. To make this continuous 
data flow possible, the rising edge of DT/OE must be synchronized with RAS, CAS and the subsequent rising 
edge of SC (t RXH , t CTH , and t TSL /t XSD must be satisfied), as shown in Figure 14. 

The timing restriction t TSL / t TSD are 5ns min / 15ns min. The split read transfer mode eliminates these 
timing restrictions. 
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Figure 14. Real Time Read Transfer 
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WRITE TRANSFER CYCLE 

A write transfer cycle consist of loading the content of the SAM register into a selected row of the RAM 
array. If the SAM data to be transferred must first be loaded through the SAM port, a pseudo write transfer 
operation must precede the write transfer cycles. However, if the SAM port data to be transferred into the RAM 
was previously loaded into the SAM via a read transfer, the SAM to RAM transfer can be executed simply by 
performing a write transfer directly. A write transfer is invoked by holding CAS "high", DT/OE "low", WB/WE 
"low", SE "low" and DSF "low" at the falling edge of RAS. This write transfer is selectively controlled per 
RAM I/O block by setting the mask data on the WyiOj lines at the falling edge of RAS (same as in the write- 
per-bit operation). Figure 15 and 16 show the timing diagram and block diagram for write transfer operations, 
respectively. 
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Figure 15. Write Transfer Timing 



The row address selected at the falling edge of RAS determines the RAM row address into which the data 
will be transferred. The column address selected at the falling edge of CAS determines the start address of the 
serial pointer of the SAM. After the write transfer is completed, the SIO lines are set in the input mode so that 
serial data synchronized with the SC clock can be loaded. 
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Figure 16. Block Diagram for Write Transfer Operation 

When consecutive write transfer operations are performed, new data must not be written into the serial 
register until the RAS cycle of the preceding write transfer is completed. Consequently, the SC clock must be 
held at a constant V IL or V IH during the RAS cycle. A rising edge of the SC Clock is only allowed after the 
specified delay t SRD from the rising edge of RAS, at which time a new row of data can be written in the serial 
register. 

PSEUDO WRITE TRANSFER CYCLE 

A pseudo write transfer cycle must be performed before loading data into the serial register after a read 
transfer operation has been executed. The only purpose of a pseudo write transfer is to change the SAM port 
mode from output mode to input mode (A data transfer from SAM to RAM does not occur). After the serial 
register is loaded with new data, a write transfer cycle must be performed to transfer the data from SAM to 
RAM. A pseudo write transfer is invoked by holding CAS "high", DT/OE "low", WB/WE "low", SE "high" 
and DSF "low" at the falling edge of RAS. The timing conditions are the same as the one for the write transfer 
cycle except for the state of SE at the falling edge of RAS. 
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SPLIT DATA TRANSFER AND QSF 

The TC528128B features a bi-directional split data transfer capability between the RAM and the SAM. 
During split data transfer operation, the serial register is split into two halves which can be controlled 
independently. Split read or split write transfer operations can be performed to or from one half of the serial 
register while serial data can be shifted into or out of the other half of the serial register, as shown in Figure 17. 
The most significant column address location (A7C) is controlled internally to determines which half of the 
serial register will be reloaded from the RAM array. QSF is an output in which indicates which half of the serial 
register is in an active state. QSF changes state when the last SC clock is applied to active split SAM, as shown 
in Figure 18. 
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Figure 17. Split Register Mode 
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Figure 18. QSF Output State During Split Register Mode 
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SPLIT READ TRANSFER CYCLE 

A split read transfer consists of loading 127 words by 8 bits of data from a selected row of the split RAM 
array into the corresponding non-active split SAM register. 

Serial data can be shifted out of the other half of the split SAM register simultaneously. The block diagram 
and timing diagram for split read transfer mode are shown in Figure 19 and 20, respectively. During split read 
transfer operation, the RAM port input clocks do not have to be synchronized with the serial clock SC, thus 
eliminating timing restrictions as in the case of on-the-fly read transfers. A split read transfer can be performed 
after a delay of t STS , from the change of state of the QSF output, is satisfied. 
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Figure 19. Block Diagram for Split Read Transfer 
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Figure 20. Timing Diagram for Split Read Transfer 
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A normal (Non-split) read transfer operation must precede split read transfer cycles as shown in the 
example in Figure 21. 
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Figure 21 . Example of Consecutive Read Transfer Operations 



SPLIT WRITE TRANSFER CYCLE 

A split write transfer consists of loading 128 words by 8 bits of data from the non-active split SAM register 
into a selected row of the corresponding split RAM array. 

Serial data can be shifted into the other half of the split SAM register simultaneously. The block diagram 
and timing diagram for split write transfer mode are shown in Figure 22 and 23, respectively. During split write 
transfer operation, the RAM port input clocks do not have to be synchronized with the serial clock SC, thus 
allowing for real time transfer. A split write transfer can be performed after a delay of t sxs , from the change of 
state of the QSF output, is satisfied. 
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Figure 22. Block Diagram for Split Write Transfer 
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Figure 23. Timing Diagram for Split Write Transfer 

A pseudo write transfer operation must precede split transfer cycles as shown in the example in Figure 24. 
The purpose of the pseudo write transfer operation is to switch the SAM port from output mode to input mode 
and to set the initial tap location prior to split write transfer operations. 



RAS 
SC 
QSF 



Pseudo Write Transfer 

— v_y 




(j\j\i\i\i\i\j\j\mv\iw^^ 




Y w W V V 

t t t t t t 




Figure 24. Example of consecutive Write Transfer Operations 
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SPLIT-REGISTER OPERATION SEQUENCE (EXAMPLE) 

Split read / write transfers must be preceded by a normal (Non-split) transfer such as a read, write or 
pseudo write transfer. Figure 25 illustrates an example of split register operation sequence after device power- 
up and initialization. After power-up, a minimum of 8 RAS and 8 SC clock cycles must be performed to properly 
initialize the device. A read transfer is then performed and the column address latched at the falling edge of CAS 
sets the SAM tap pointer location which up to that point was in an undefined location. Subsequently, the pointer 
address is incremented by cycling the serial clock SC from the starting location to the last location in the register 
(address 255) and wraps around to the tap location set by the split read transfer performed for the lower SAM 
while the upper SAM is being accessed. The SAM address is incremented as long as SC is clocked. The 
following split read transfer sets a new tap location in the upper split SAM register address 127 in this example 
and the pointer is incremented from this location by cycling the SC clock. 



Add. 




ra5 



Cas" 



UT/oT 



Wff/wE 



High-Z ^. 
QSF — C 



SC 



| 2S5 

SAM 
Pointer 

127 



LLT 



1 



"Low" 



"High" 



TJ 



Ji 







Serial Output! 


i 






Serial 
Input 


_ Devices (1) J 




u PP er (Cs^ '■■ 
SAM^jj 





Upper 
SAM 

^ 




Upper 
SAM 


Devices (2) 2 

Jr*: Lower 

Reset/SetSAM/ j ^ 
pointer j 




Lower rr^s' 


Reset/ Set SAW 
pointer \^ 




Lower 
SAM^ 



Undefined 

Figure 25. Example of Split SAM Registerr Operation Sequence 
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The next operation is a pseudo write transfer which switches the SAM port from output mode to input 
mode in preparation for either write transfers or split write transfers. The column address latched at the falling 
edge of CAS during the pseudo write transfer sets the serial register tap location. Serial data will be written into 
the SAM starting from this location. 



TRANSFER OPERATION WITHOUT CAS 

During all transfer Cycles, the CAS input clock must be cycled, so that the column address are latched at 
the falling edge of CAS, to set the SAM tap location. If CAS was maintained at a constant "high" level during 
a transfer cycle, the SAM pointer location would be undefined. Therefore a transfer cycle with CAS held "high" 
is not allowed (Refer to the illustration below). 



RAS 
CAS 
Address 



I 



Row 



SAM Start 



Proper 
► Transfer 
Cycle 



RAS 
CAS 
Address ^ 



Row 



Not 

Allowed 



TAP LOCATION SELECTION IN SPLIT TRANSFER OPERATION 

(a) In a split transfer operation, column addresses AOC through A6C must be latched at the falling edge of 
CAS in order to set the tap location in one of the split SAM registers. During a split transfer, column 
address A7C is controlled internally and therefore it is ignored internally at the falling edge of CAS. 

RAS" \ / 

CA5 \ / 

Addresses WM/MMT^^miL Tap address WmmmmMmtfa 

t t 
A0R~A8R A0C~A6C (A7C is don't care: High or Low) 

During a split transfer, it is not allowed to set the last address location (A0C~A6C=7F), in either the 
lower SAM or the upper SAM, as the tap location. 
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(b) In the case of multiple split transfers performed into the same split SAM register, the tap location 
specified during the last split transfer, before QSF toggles, will prevail. In the example shown below, 
multiple split transfers are performed into the upper SAM (Non-active) while the lower SAM (active) 
is being accessed at the time when QSF toggles, the first SC serial clock will start shifting serial data 
starting from the Tap N address location. 



fiA? 
CAT 



QSF 



SC 



"A r 



% — 



Address — (Row 1 jjao 1 ) (Row2)(Tap2V -f>S — (Row N jffapTi) 



lower SAM : Active 
upper SAM : Non-active 



' / lower SAM : Non-active 

Last First upper SAM : Active 



\ Clock Clock 

_n_n_rL » rui_m"iin_rurj" 



_ Multiple Split transfer into upper SAM 
Serial access of lower SAM 



Serial access of upper SAM 
starting at Tap N location 



SPLIT READ / WRITE TRANSFER OPERATION ALLOWABLE PERIOD 

Figure 26 illustrates the relationship between the serial clock SC and the special function output QSF 
during split read / write transfers and highlights the time periods where split transfers are allowed, relative to SC 
and QSF. 



Split 

Read/Write 
Transfer 
allowed. 



Last First 
Clock Clock 



Last First 
Clock Clock 

iTLFLTT 



Last First 
Clock Clock 




Figure 26. Split Transfer Operation Allowable Periods 
As indicated in Figure 26, a split read / write transfer is not allowed during the period of t SXH + t STS . 
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SPLIT TRANSFER CYCLE AFTER NORMAL TRANSFER CYCLE 

A split transfer may be performed following a normal transfer (Read / Write / Pseudo- Write transfer) 
provided that a minimum delay of 30ns from the rising edge of the first clock SC is satisfied (Refer to the 
illustration shown below). 



RA5 
Ca5 

dT/o~e \_ 

DSF 

QSF 
SC 



Transfer Operation 



~\ r 



!30ns 



Next Transfer 



Not Allowed 



Next Transfer Operation is allowed. 



NORMAL READ TRANSFER CYCLE AFTER NORMAL READ TRANSFER 
CYCLE 

Another read transfer may be performed following the read transfer provided that a minimum delay of 
30ns from the rising edge of the first clock SC is satisfied (Refer to the illustration shown below). 



RA5 
CAS 
DT/OT 
DSF 
QSF 
SC 



J 



~\ r 

r~ 



Transfer Operation 



•\ r 



jiJHjHjnj~T_rLn. 



,'30ns 
Next Transfer 



Not Allowed 



Next Transfer Operation is allow 
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NORMAL TRANSFER AFTER SPLIT TRANSFER 

A normal transfer (read / write / pseudo write) may be performed following split transfer operation 
provided that a 30ns minimun delay is satisfied after the QSF signal toggles. 



QSF 



Split Transfer. 



30ns Min. 



.Normal Transfer Operation Allowed 



POWER-UP 

Power must be applied to the RAS and DT/OE input signals to pull them "high" before or at the same time 
as the V cc supply is turned on. After power-up, a pause of 200 (iseconds minimum is required with RAS and 
DT/OE held "high". After the pause, a minimum of 8 RAS and 8 SC dummy cycles must be performed to 
stabilize the internal circuitry, before valid read, write or transfer operations can begin. During the initialization 
period, the DT/OE signal must be held "high". If the internal refresh counter is used, a minimum 8 CAS-before- 
RAS initialization cycles are required instead of 8 RAS cycles. 

INITIAL STATE AFTER POWER-UP 

When power is achieved with RAS, CAS, DT/OE and WB/WE held "high", the internal state of the 
TC528128B is automatically set as follows. 

However, the initial state can not be guaranteed for various power-up conditions and input signal levels. 
Therefore, it is recommended that the initial state be set after the initialization of the device is performed (200 
(iseconds pause followed by a minimum of 8 RAS cycles and 8 SC cycles) and before valid operations begin. 





State after power-up 


SAM port 


Input Mode 


QSF 


High-Impedance 


Color Register 


all "0" 


WM1 Register 


Write Enable 


TAP pointer 


Invalid 
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silicon gate cmos target spec 

262,144WORDS X 8BITS MULTIPORT DRAM 
DESCRIPTION 

The TC528257 is a 2M bit CMOS multiport memory equipped with a 262,144-words by 8-bits dynamic 
random access memory (RAM) port and a 5 12- words by 8-bits static serial access memory (SAM) port. The 
TC528257 supports three types of operations; Random access to and from the RAM port, high speed serial 
access to and from the SAM port and bidirectional transfer of data between any selected row in the RAM and 
the SAM. To realize a high performance graphic frame buffer system the TC528257 features various special 
operations such as the write - per - bit, the pipelined page mode, the block write and flash write function on the 
RAM port and the read and masked write transfer operations between the RAM and the SAM port. The 
TC528257 is fabricated using Toshiba's CMOS silicon gate process as well as advanced circuit designs to 
provide low power dissipation and wide operating margins. 



FEATURES 

• Single power supply of 5 V ± 1 0% with a built-in 
V BB generator 

• All inputs and outputs : TTL Compatible 

• Organization 



KEY PARAMETERS 



RAM Port : 
SAM Port : 



262,144wordsX8bits 
512wordsX8bits 



RAM Port 
Fast Page Mode, Read - Modify - Write, 
Pipelined Fast Page Mode, CAS before RAS 
Auto Refresh, Hidden Refresh, RAS only 
Refresh, Write per Bit (New/Old Mask Mode), 
Masked Flash Write (New/Old Mask Mode), 
Block Write, Masked Block Write (New/Old 
Mask Mode), Load Mask Register/Color 
Register Cycle, 512 refresh cycles / 8ms 

SAM Port 
Serial Read / Write Capability 
Addressable TAP Capability 
Stop Address (Binary Boundary) Capability 
Fully Static Register, Single Register/Split 
Register Mode Capability 

RAM - SAM Bidirectional Transfer 
Read / Real Time Read Transfer 
Masked Write Transfer 
Split Read / Masked Split Write Transfer 

Package 



TC528257J 

TC528257FT 

TC528257TR 



SOJ40-P-400 

TSOP44-P-400B 

TSOP44-P-400C 



ITEM 


TC528257 


— IV 


OA 

— 8U 


l RAC 


RAS Access Time 
(Max.) 


70ns 


80ns 




CAS Access Time 
(Max.) 


20ns 


20ns 


l AA 


Column Address Access 
Time (Max.) 


35ns 


40ns 




Cycle Time (Min.) 


130ns 


150ns 


tpc 


Page Mode Cycle Time 
(Min.) 


45ns 


50ns 


l SCA 


Serial Access Time 
(Max.) 


20ns 


25ns 


l SCC 


Serial Cycle Time (Min.) 


25ns 


30ns 


tRACP 


*rac m Pipelined Fast 
Page 


90ns 


95ns 


k:ACl 


t CAC in Pipelined Fast 
Page 


20ns 


20ns 


tpcp 


Pipelined Fast Page 
Mode Cycle Time 


30ns 


30ns 


!cci 


RAM Operating Current 
(SAM : Standby) 


100mA 


85mA 


ICC2A 


SAM Operating Current 
(RAM : Standby) 


60mA 


50mA 


!CC2 


Standby Current 


10mA 


10mA 
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PIN NAME 



A0-A8 


Address inputs 


RAS 


Row Address Strobe 


CAS 


Column Address Strobe 


DT/OE 


Data Transfer/Output Enable 


WB/WE 


Write per Bit/Write Enable 


DSF1 


Special Function Control 


DSF2 




Wl/IOl -W8/I08 


Write Mask/Data IN/OUT 


SC 


Serial Clock 


SE 


Serial Enable 


SI01-SI08 


Serial Input/Output 


QSF 


Special Flag Output 


Vcc/Vss 


Power(5V)/Ground 


N.C. 


No Connection 



PIN CONNECTION (TOP VIEW) 



TC528257J 



V C c1 C 

sc[ 
sioi C 
S102C 

SI03[ 
SIQ4[ 
DT/OE 
W1/I01 C 
W2/I02 I 
W3/I03 
W4/I04 

Vssj 

WB/WE 

rasI 

A8 
A7 ( 
A6 
A5 
A4 
V cc 2 



]V„1 
]SI08 
]SI07 
] SI06 
] SI05 
]SE 

] W8/IO8 
] W7/I07 
] W6/IO6 
] W5/I05 
]V S$ 2 
] DSF1 
] DSF2 
]CAS 
]QSF 
] AO 
]A1 
]A2 
]A3 
]V SS 3 



TC528257FT 

1 
2 



TC528257TR 



Vcel C 

sc C 

SIOI 

5102 [ 

5103 [ 
_SI04 [ 
DT/OE [ 

W1/I01 [ 8 
W2/I02 [ 9 
W3/103 [ 10 35 



W4/104 [ 
_Vs_ 
WB/WE [ 
RAS 
A8Q 
A7 
A6 
A5 
A4 [ 
V cr 2 



44 p 
43 
42 
41 
40 
39 
38 
37 
36 



13 32 

14 31 

15 30 

16 29 

17 28 

18 27 

19 26 

20 2S 

21 24 

22 23 



Vssl 
SIO8 
SI07 
SI06 
SIOS 
SE 

W8/IO8 
W7/107 
W6/IO6 
W5/105 



]V„2 

] DSF1 

] DSF2 

] CAS 

]QSF 

]A0 

]A1 

]A2 

]A3 

]V SS 3 



V»1 C 
SI08 C 
SI07 C 
SI06 [ 
SIOS [ 

siC 
W8/108 

W7/I07 
W6/I06 C 
W5/I05 [ 

V SS 2[ 
DSF1 
DSF2 [ 
CAS 
QSF 
AO [ 
A1 
A2 

A3 
V«3 





O 
1 


]V CC 1 


44 


43 


2 


]sc 


42 


3 


]SI01 


41 


4 


]SI02 


40 


5 


]SI03 


39 


6 


] SI04 


38 


7 


]5t76T 


37 


8 


] Wl/IOl 


36 


9 


] W2/I02 


35 


10 


] W3/I03 



32 13 

31 14 

30 15 

29 16 

28 17 

27 18 

26 19 

25 20 

24 21 

23 22 



] W4/I04 

]V«f 

] WB/WE 
] RAS 

] A8 
]A7 

]A6 

]A5 

] A4 

]V CC 2 
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BLOCK DIAGRAM 



W1/I01~W8/I08 
???????? 



OUTPUT BUFFER 



INPUT BUFFER 



f 1 u. u. 

< t- m i/> m U 
|U lO |§ Q Q 

????????. 



SI01~SI08 
???????? 



BLOCK 
WRITE 
CONTROL 



\7\A 





FLASH 
WRITE 
CONTROL 







WRITE 


WRITE-PER 


CONTROL 


BIT 



T— 1 



s 




512 

J_LL 



>- 






r ial 
ector 


a: 


§ 




<u — 

ul 0> 

















QSF 



ROW DECODER 



-{>— « QSF 



SERIAL ADDRESS 
COUNTER (9bits) 



COLUMN ADDRESS 
BUFFER Obits) 



ROW ADDRESS 




REFRESH 




BUFFER Obits) 




COUNTER 





A0-A8 



If 



v C c V SS 
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ABSOLUTE MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


NOTE 


V IN' V OUT 


Input Output Voltage 


— 1.0-7.0 


V 


1 


V CC 


Power Supply Voltage 


— 1.0-7.0 


V 


1 


T OPR 


Operating Temperature 


0-70 


°c 




T STG 


Storage Temperature 


— 55-150 


°c 




T SOLDER 


Soldering Temperature • Time 


260*10 


°C»sec 




P D 


Power Dissipation 


1 


W 




Iqut 


Short Circuit Output Current 


50 


mA 





RECOMMENDED D.C. OPERATING CONDITIONS (Ta = 0~70°C) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


NOTE 


V C c 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


2 


Vih 


Input High Voltage 


2.4 




6.5 


V 


2 


Vil 


Input Low Voltage 


— 1.0 




0.8 


V 


2 



CAPACITANCE (V cc = 5V, f = 1MHz, Ta = 25°C) 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNIT 


Ci 


Input Capacitance 




7 


pF 


Qo 


Input/Output Capacitance 




9 


Co 


Output Capacitance (QSF) 




9 



Note: This parameter is periodically sampled and is not 100% tested. 
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D.C. ELECTRICAL CHARACTERISTICS (V cc = 5V ± 10%, Ta = 0~70°C) 



ITEM (RAM PORT) 


SAM PORT 


SYMBOL 


-70 




80 


UNIT 


NOTE 


MIN. 


MAX. 


MIN. 


MAX. 


OPERATING CURRENT 
/RAS.CAS CyclingX 
\t R c = t RC min. / 


Standby 


^Cl 




100 




90 




3,4,5 


Active 


!CC1A 




160 




140 




3,4,5 


STANDBY CURRENT 
(RAS, CAS = V IH ) 


Standby 


l CC2 




10 




10 






Active 


! CC2A 




65 




55 




3,4,5 


RAS ONLY REFRESH CURRENT 
/ RAS Cycling, CAS - V IH \ 
y t RC = t RC min. J 


Standby 


!CC3 




100 




90 




3,4,5 


Active 


"CC3A 




160 




140 




3,4,5 


PAGE MODE CURRENT 
/ RAS = V^, CAS Cycling \ 
\ tpc = l RC min. ) 


Standby 


l CC4 




90 




80 




3,4,5 


Active 


!CC4A 




150 




130 


mA 


3,4,5 


CAS BEFORE RAS REFRESH CURRENT 
/ RAS Cycling, CAS Before RAS\ 
\ tRC = tRC min. J 


Standby 


!CC5 




100 




90 


3,4,5 


Active 


!CC5A 




160 




140 




3,4,5 


DATA TRANSFER CURRENT 
/ RAS, CAS Cycling \ 
\ t RC = t RC min. J 


Standby 


!CC6 




135 




125 




3,4,5 


Active 


!CC6A 




195 





175 




3,4,5 


FLASH WRITE CURRENT 
/RAS, CAS Cycling \ 
\ tRC = tRC min. J 


Standby 


ICC7 




100 




90 




3,4,5 


Active 


J CC7A 




160 




140 




3, 4,5 


BLOCK WRITE CURRENT 
/RAS, CAS Cycling \ 
\ tRC = tRC min. J 


Standby 


r CC8 




110 




100 




3, 4,5 


Active 


! CC8A 




170 




150 




3, 4,5 



ITEM 


SYMBOL 


MIN. 


MAX 


UNIT 


NOTE 


INPUT LEAKAGE CURRENT 

0V < Vjn < 6.5V, All other pins not under test = 0V 


T I(L) 


—10 


10 


uA 




OUTPUT LEAKAGE CURRENT 

0V < V oux < 5.5V, Output Disable 


Io(L) 


—10 


10 


uA 




OUTPUT "H" LEVEL VOLTAGE 
!oUT = " 2mA 


V OH 


2.4 




V 




OUTPUT "L" LEVEL VOLTAGE 
!out = 2mA 


Vol 




0.4 


V 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS (V cc = 5V ± 10%, Ta = <K70°C)(Notes: 6, 7, 8) 



SYMBOL 


PARAMETER 


-70 


-80 


UNIT 


NOTE 


MIN. 


MAX. 


MIN. 


MAX 


'RC 




130 




150 








'rmw 


Read-Modify-Write Cycle Time 


180 




200 








'PC 


Fast Page Mode Cycle Time 


45 




50 








'PRMW 


Fast Page Mode Read-Modify-Write Cycle Time 


90 




90 








l RAC 






70 




80 




Q 1 S 

7, YD 


l AA 


Access Time from Column Address 




35 




40 






tCAC 






20 




20 




Q 1 £ 

y, id 


•CPA 


. r= 

Access Time from CAS Precharge 




35 




40 




Q 1 A 

y, io 


kxz 


CAS to Output in Low-Z 







n 

u 








kDELZ 


OE to Output in Low-Z 
















•off 


Output Buffer Turn-Off Delay 





15 


A 

u 


15 




1 1 
1 1 


'T 




3 


jU 


5 


50 




Q 

o 


'rp 


'^j^ p — jj ~ 


<n 




OU 








'ras 


RAS Pulse Width 


on 


1 (Win 
1UUUU 


on 


1UUUU 






'rasp 


RAS Pulse Width (Fast Page Mode Only) 


70 


1UUUUU 




1 aaaaa 
1UUUUU 






'RSH 


RAS Hold Time 


on 
zu 




OA 

zu 








feSH 


CAS Hold Time 


70 




80 








tCAS 


CAS Pulse Width 


15 


10000 


20 


10000 






'RCD 


RAS to CAS Delay Time 


20 


50 


20 


60 




ID 


'RAD 


RAS to Column Address Delay Time 


15 


35 


15 


40 




1 c 
1 J 


'ral 




35 




40 




ns 




feRP 


to iv /\o rrecnaige l niic 


5 




5 








tCPN 


CAS Precharge Time 


10 




10 








k:p 


CAS Precharge Time (Fast Page Mode) 


10 




10 








l ASR 


Row Address Set-Up Time 
















l RAH 




10 




10 








'asc 


Column Address Set-Up Time 
















'CAH 




12 




15 








'rcs 


Read Command Set-Up T.me 
















'rch 


Read Command Hold Time 














1Z 


'rrh 


Read Command Hold Time referenced to RAS 














1 

1Z 


l WCH 




10 




15 








'wp 




10 




10 








'rwl 


— : = : 

Write Command to RAS Lead Time 


on 

ZU 




on 
zu 








'CWL 


Write Command to CAS Lead Time 


15 




20 








'ds 


Data Set-Up Time 














13 


'dh 


Data Hold Time 


12 




15 






13 


'wcs 


Write Command Set-Up Time 














14 


'rwd 


RAS to WE Delay Time 


95 




105 






14 


'awd 


Column Address to WE Delay Time 


60 




65 






14 


tCWD 


CAS to WE Delay Time 


45 




45 






14 


'res 


RAS to SC Boundary - reset time 


30 




30 
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SYMBOL 


PARAMETER 


-70 


-80 


UNIT 


NOTE 


MIN. 


MAX 


MIN. 


MAX. 


l DZC 


Data to CAS Delay Time 












ns 




•ozo 


Data to OE Delay Time 














k)EA 


Access Time from OE 




20 




20 


9 


•OEZ 


Output Buffer Turn-off Delay from OE 




15 




15 


11 


tOED 


OE to Data Delay Time 


15 




15 






tOEH 


OE Command Hold Time 


15 




15 






k>DS 


Output Disable Set up time 














l ROH 


RAS Hold Time referenced to OE 


15 




15 






tCSR 


CAS Set-Up Time for CAS Before RAS Cycle 


5 




5 






feHR 


CAS Hold Time for CAS Before RAS Cycle 


10 




15 






l RPC 


RAS Precharge to CAS Active Time 














l REF 


Refresh Period 




8 




8 


ms 




%SR 


WB Set-Up Time 












ns 




l RWH 


WB Hold Time 


10 




15 






l FSR 


DSF Set-Up Time referenced to RAS 














l RFH 


DSF Hold Time referenced to RAS ( 1 ) 


10 




15 






l FSC 


DSF Set-Up Time referenced to CAS 














tCFH 


DSF Hold Time referenced to CAS 


12 




15 






l MS 


Write-Per-Bit Mask Data Set-Up Time 














l MH 


Write-Per-Bit Mask Data Hold Time 


10 




15 






^THS 


DT High Set-Up Time 














l THH 


DT High Hold Time 


10 




15 






tTLS 


DT Low Set-Up Time 














l TLH 


DT Low Hold Time 


10 


10000 


15 


10000 




l RTH 


DT Low Hold Time referenced to RAS 
(Real Time Read Transfer) 


60 


10000 


65 


10000 




*ATH 


DT Low Hold Time referenced to Column 
Address (Real Time Read Transfer) 


25 




25 






tCTH 


DT Low Hold Time referenced to CAS 
(Real Time Read Transfer) 


20 




20 






l TRP 


DT to RAS Precharge Time 


50 




60 






t TP 


DT Precharge Time 


15 




15 






l RSD 


RAS to First SC Delay Time (Read Transfer) 


70 




80 






tASD 


t\j\ij to nrsi ov^ uciay lime ^KCdu iraiisicrj 


35 




40 






tCSD 


CAS to First SC Delay Time (Read Transfer) 


20 




20 






l TSL 


Last SC to DT Lead Time (Real Time Read Transfer) 


5 




5 






l TSD 


DT to First SC Delay Time (Read Transfer) 


10 




15 






l SRS 


Last SC to RAS Set-Up Time (Serial Input) 


25 




30 






tSRD 


RAS to First SC Delay Time (Serial Input) 


20 




25 






l SDD 


RAS to Serial Input Delay Time 


45 




50 
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SYMBOL 


PARAMETER 


-70 


-80 


UNIT 


NOTE 


MIN. 


MAX. 


MIN. 


MAX. 


'sec 


SC Cycle Time 


25 




30 








l sc 


SC Pulse Width (SC High Time) 


10 




10 








%CP 


SC Precharge Time (SC Low Time) 


5 




10 








l SCA 


Access Time from SC 




20 




25 




10 


l SOH 


Serial Output Hold Time from SC 


5 




5 








l SDS 


Serial Input Set-Up Time 
















l SDH 


Serial Input Hold Time 


10 




15 








'sea 


Access Time from SE 




20 




25 




10 


l SE 


SE Pulse Width 


20 




25 








'SEP 


SE Precharge Time 


20 




25 








l SEZ 


Serial Output Buffer Turn-off Delay from SE 




15 




20 




11 


*SZE 


Serial Output Buffer Turn-off Delay from SE 
















l SZS 


Serial Input to First SC Delay Time 
















l SWS 


Serial Write Enable Set-Up Time 
















l SWH 


Serial Write Enable Hold Time 


10 




15 








l SWIS 


Serial Write Disable Set-Up Time 
















l SWIH 


Serial Write Disable Hold Time 


10 




10 








l STS 


Split Transfer Set-Up Time 


25 




30 








l STH 


Split Transfer Hold Time 


25 




30 








tSAAT 


Split Transfer SC Set-Up Time from RAS 


45 




,55 




ns 




tSAA 


Split Transfer SC Hold Time from RAS 
















l SQD 


SC-QSF Delay Time 




20 




25 






'tqd 


DT-QSF Delay Time 




20 




25 






*CQD 


CAS-QSF Delay Time 




20 




25 






l RQD 


RAS-QSF Delay Time 




70 




80 






'rcdp 


RAS to CAS Delay Time (Pipeline mode) 


20 


40 


20 


45 






tcSHP 


CAS Hold Time (Pipeline mode) 


50 




55 








'racp 


Access Time from RAS (Pipeline mode) 




90 




95 






to AO 


Access Time from CAS (1) (Pipeline mode) 




20 




20 




10 


tCAC2 


Access Time from CAS (2) (Pipeline mode) 




50 




50 




10 


tCASP 


CAS Pulse Width (Pipeline mode) 


10 




10 








tepp 


CAS Precharge Time Pipeline mode) 


10 




10 








l PCP 


Fast Page Mode Cycle Time (Pipeline mode) 


30 




30 








t COH 


CAS Hold Time referenced to OE (Pipeline mode) 


5 




5 








l RSHl 


RAS Hold Time (1) (Pipeline mode) 


20 




20 








l RSH2 


RAS Hold Time (2) (Pipeline mode) 


50 




50 








feWLP 


Write Command to CAS lead Time (Pipeline mode) 


10 




10 








tewp 


WE to CAS Delay Time (Pipeline mode) 


30 




30 








tOFFP 


Outoff Buffer Turn-off Delay from RAS (Pipeline mode) 





15 





15 




11, 17 






RAM Output Reference Level 


2.0V/0.8V 


SAM Output Reference Level 


2.0V/0.8V 


RAM Output Load 


1 TTL and 50PF 


SAM Output Load 


1 TTL and 30PF 
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NOTES: 

1 . Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to 
the device. 

2. All voltage are referenced to V ss . 

3. These parameters depend on cycle rate. 

4. These parameters depend on output loading. Specified values are obtained with the output open. 

5. Address can be changed once or less while RAS=V IL . In case of Icc4> it can be changed once or less 
during a fast page mode cycle (t PC ). 

6. An initial pause of 200(j,s is required after power-up followed by any of 8 CAS before RAS initialization 

cycles before proper device operation is achieved. 

7. AC measurements assume t T = 5ns. 

8- V ffl (min ) and V IL (max are reference levels for measuring timing of input signals. Also, transition times 
are measured between V IH and Vj L . 

9. RAM port outputs are measured with a load equivalent to 1 TTL load and 50pF. 
D oux reference levels : V OH / V 0L - 2.0V / 0.8V. 

10. SAM port outputs are measured with a load equivalent to 1 TTL load and 30pF. 
D oux reference levels : V 0H / V OL = 2.0V / 0.8V. 

1 1 • toFF (max.)> 1 oez (max.)' *offp (max.) and t SEZ (max) define the time at which the outputs achieve the open 
circuit condition and are not referenced to output voltage levels. 

12. Either t RCH or t RRH must be satisfied for a read cycles. 

13. These parameters are referenced to CAS leading edge of early write cycles and to WB / WE leading 
edge in OE-controlled-write cycles and read-modify-write cycles. 

14- t W cs> t RWD , t CWD and t AWD are not restrictive operating parameters. They are included in the data sheet 
as electrical characteristics only. If t wcs > t wcs (min the cycle is an early write cycles and the data out 
pin will remain open circuit (high impedance) throughout the entire cycle; If t RWD > t RWD ( m j n .), t CW D - 
t CWD (min ) and t AWD > t AWD (min ) the cycle is a read-modify-write cycle and the data out will contain 
data read from the selected cell : If neither of the above sets of conditions is satisfied, the condition of 
the data out (at access time) is indeterminate. 

15. Operation within the ^crj (max limit insures that t RAC (max can he met. 

t RCD ( max .) is specified as a reference point only: If t RCD is greater than the specified 
t RCD (max .) limit, then access time is controlled by t CAC . 

16. Operation within the t RAD (max •> limit insures that t^c (max ) can be met. t RAD (max ) is specified as a 
reference point only: If t RAD is greater than the specified t RAD (max ) limit, then access time is controlled 
W 1 aa- 

17. t OFFP timing is specified from either RAS or CAS rising edge, whichever occurs last. 
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TIMING WAVEFORM 
READ CYCLE 



RA5 



Ca5 



A0-A8 



Vim — ^ 

WB/WE v j" ^ 



DT/OE 



DSF1 



WW 101 
-W8/I08 



OUT 




Voh- 
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WRITE CYCLE (EARLY WRITE) 




Mask Mode 


*1 


*2 


Cycle 


No Mask Mode 


1 


Don't care 


Normal Write 


New Mask Mode 





WM1 data 


Write per Bit 


Old Mask Mode 





Don't care 


Write per Bit 



WM1 data 0: Write Disable 

1 : Write Enable 
Don't care : '1' or '0' 
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WRITE CYCLE (OE CONTROLLED WRITE) 




OUT 



Vol - 



OPEN 



"H" or "L" 



Mask Mode 


*1 


*2 


Cycle 


No Mask Mode 


1 


Don't care 


Normal Write 


New Mask Mode 





WM1 data 


Write per Bit 


Old Mask Mode 





Don't care 


Write per Bit 



WM1 data 0: Write Disable 

1 : Write Enable 
Don't care : '1' or '0' 
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READ-MODIFY-WRITE CYCLE 



Irmw 



RA5 



Ca5 



A0~A8 



Wff/WE 



ET/OT 



DSF1 



DSF2 



W1/I01 
~W8/I08 



OUT 




Voh- 
V L- 



Mask Mode 


*1 


*2 


Cycle 


No Mask Mode 


1 


Don't care 


Normal Write 


New Mask Mode 





WM1 data 


Write per Bit 


Old Mask Mode 





Don't care 


Write per Bit 



WM1 data 
Don't care 



0: Write Disable 
1 : Write Enable 
: '1' or '0' 
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FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 




Mask Mode 


*1 


*2 


Cycle 


No Mask Mode 


1 


Don't care 


Normal Write 


New Mask Mode 





WM1 data 


Write per Bit 


Old Mask Mode 





Don't care 


Write per Bit 



WM1 data 0: Write Disable 

1 : Write Enable 
Don't care : '1' or '0' 
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Mask Mode 


*1 


*2 


Cycle 


No Mask Mode 


1 


Don't care 


Normal Write 


New Mask Mode 





WM1 data 


Write per Bit 


Old Mask Mode 





Don't care 


Write per Bit 



WM1 data 0: Write Disable 

1: Write Enable 
Don't care : '1' or '0' 
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Mask Mode 


Cycle 


New Mask Mode 


WM1 data 


Old Mask Mode 


Don't care 


WM1 data 


0: Write Disable 




1 : Write Enable 


Don't care 


: '1' or '0' 
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BLOCK WRITE CYCLE (EARLY WRITE) 

tRC 

KS5 



OS 



A0~A8 



WI/WE 



DT/OT 



DSF1 



DSF2 




W1/I01 
-W8/I08 



OUT 



VoH~ 
Vol- 



"H* or "L* 



Mask Mode 


*1 


*2 


No Mask Mode 


1 


Don't care 


New Mask Mode 





WM1 data 


Old Mask Mode 





Don't care 



WM1 data 
Don't care 



0: Write Disable 
1 : Write Enable 
: '1' or '0' 



*3 COLUMN SELECT 

Wl/IOl - Column (A 1C = 0, A oc = Qn 
W2/I02 - Column 1 (A 1C - 0, A oc = 1 I = Disable 
W3/I03 - Column 2 (A 1C = 1 , A oc = | 
W4/I04 - Column 3 (A 1C - 1, A oc = 1 J 



= 1 : Enable 
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BLOCK WRITE CYCLE (DELAYED WRITE) 



us 



A0~A8 



WB/WE 



DT/SE 



DSF1 



DSF2 



W1/I01 
-W8/I08 




V H-_ 
Vol- 



: "H* or "L" 



Mask Mode 


*1 


*2 


No Mask Mode 


1 


Don't care 


New Mask Mode 





WM1 data 


Old Mask Mode 





Don't care 



WM1 data 
Don't care 



0: Write Disable 
1 : Write Enable 
: 'l'or'O' 



*3 COLUMN SELECT 

Wl/IOl - Column (A 1C = 0, A oc = 
W2/I02 - Column 1 (A 1C = 0, A oc = 1 
W3/I03 - Column 2 (A 1C = 1, A oc = 
W4/I04 - Column 3 (A 1C = 1, A oc = 1 



} 



Wn/IOn 

= : Disable 
= 1 : Enable 
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Mask Mode 


*1 


*2 


No Mask Mode 


1 


Don't care 


New Mask Mode 





WM1 data 


Old Mask Mode 





Don't care 



WM1 data 



Don't care 



0: Write Disable 
1: Write Enable 
: 'l'or'O' 



*3 COLUMN SELECT 

Wl/IOl - Column (A IC = 0, A oc = 
W2/I02 - Column 1 (A 1C = 0, A oc = 1 
W3/I03 - Column 2 (A 1C = 1, A oc = 
W4/I04 - Column 3 (A 1C = 1, A oc = 1 



} 



Wn/IOn 

= : Disable 
= 1 : Enable 
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CBR AUTO REFRESH CYCLE 



tRC 




TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



C-193 



TC528257 




C-194 



TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



TC528257 




TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



C-195 



TC528257 



LOAD MASK/COLOR REGISTER CYCLE 




*1 


*2 


Function 





Mask data 


Load Mask Register Cycle 


1 


Color data 


Load Color Register Cycle 
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*1 


*2 


Function 





Mask data 


Load Mask Register Cycle 


1 


Color data 


Load Color Register Cycle 
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PIPELINED FAST PAGE READ CYCLE 



£S5 



v 1H - 



X 



V| H - 
V,L - 



Jbcqe_ 
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PIPELINED FAST PAGE WRITE CYCLE 




Mask Mode 


*1 


*2 


Cycle 


No Mask Mode 


1 


Don't care 


Normal Write 


New Mask Mode 





WM1 data 


Write per Bit 


Old Mask Mode 





Don't care 


Write per Bit 



WM1 data 0: Write Disable 

1 : Write Enable 
Don't care : '1' or '0' 
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Mask Mode 


*1 


*2 


Cycle 


No Mask Mode 


1 


Don't care 


Normal Write 


New Mask Mode 





WM1 data 


Write per Bit 


Old Mask Mode 





Don't care 


Write per Bit 



WM1 data 0: Write Disable 

1 : Write Enable 
Don't care : 'l'or'O' 
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Mask Mode 


*1 


*2 


Cycle 


No Mask Mode 


1 


Don't care 


Normal Write 


New Mask Mode 





WM1 data 


Write per Bit 


Old Mask Mode 





Don't care 


Write per Bit 



WM1 data 0: Write Disable 

1 : Write Enable 
Don't care : '1' or '0' 
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PIPELINED FAST PAGE WRITE-BLOCK WRITE CYCLE 



X 



JfiSUL. 



Jfi£BE_ 



tpcp 



Jcpp 



kASP 



JfiStdi. 



tRSHI 




Mask Mode 


*1 


*2 


Cycle 


No Mask Mode 


1 


Don't care 


Normal Write 


New Mask Mode 





WM1 data 


Write per Bit 


Old Mask Mode 





Don't care 


Write per Bit 



WM1 data 0: Write Disable 

1 : Write Enable 
Don't care : '1' or '0' 
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READ TRANSFER CYCLE (Previous Transfer is Write Transfer Cycle) 

tRC 



ra5 



ca5 



A0~A8 



DT/OE 



DSF1 



V| H - 
Vil - 



\ 



*RAS 



■ „ tRp > 

/ \ 



WB/WE v ™ 



W1/I01 V h" 
~W8/I08 Vql ■ 



SI01 
-SI08 




VALID 
DATA-IN 



OUT 



QSF 



V 0H - 
Vql -~ 



*RQD 



V H- 
VOL - 



X 



J' VALID 
: r DATA-OUT. g \ 



TAP MSB (A8) 



Note : SE = V,, 



: "H" or "L" 
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REAL TIME READ TRANSFER CYCLE 



ra5 



A0-A8 



WB/Wf 



D7/0E 



DSF1 



DSF2 



WW 101 
~W8/I08 



SC 



SI01 
-SI08 




V h ~ \/ VALID = V e VALID V/ VALID S/" 
Vol - A DATA-OUT . A r DATA-OUT A, DATA-OUT y \ 



VALID 
DATA-OUT 



Previous Row Data 



QSF 



V H- 
V L - 



X 



15 y c VALID \/" 
DATA-OUT A 



New Row Data 



TAP MSB (A8) 



Note : SE = V, L 



"H" or "L" 
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SPLIT READ TRANSFER CYCLE 
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Mask Mode 


*1 


New Mask Mode 


WM1 data 


Old Mask Mode 


Don't care 


WM1 data 


0: Write Disable 




1 : Write Enable 


Don't care 


: 'l'or'O' 
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MASKED WRITE TRANSFER CYCLE (Previous Transfer is Read Transfer Cycle) 



RAS 



CAS 



A0~A8 



WB/WE 



DT/OT 



DSF1 



DSF2 



WW 101 V 0H ~ 
-W8/I08 V 0L 



SC 



SI01 
-SI08 



QSF 




ni|T V 0H - VALID 
0UT V 0L _ DATA-OUT 



Serial Output Data 



Serial Input Data 
^ : "H" or "L" 



Mask Mode 


*1 


New Mask Mode 


WM1 data 


Old Mask Mode 


Don't care 


WM1 data 


0: Write Disable 




1 : Write Enable 


Don't care 


: '1' or'O' 
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MASKED SPLIT WRITE TRANSFER CYCLE 



A0~A8 



WB/WE" V , IH 




BT/UE V ' H 1 



W1 /I01 V 0H 
~W8/I08 Vol 



SIOI V IH -"InVf! V n + 1 V/ n+ ,2 V Y 253 V 254 V 255 Yn*»«V~ 

-SI08 V IL _(255) A("- | -256)A("- t -257)A< n *258)/ v A (509) A (51°) A (511) A (n) A 



V H ~ 

Vol - 



C Boundary Note : SE = V, L 
V. Location J 



Lower SAM ~ 255 



Upper SAM 256 ~ 51 1 



(Boundary j 
Location J 



"H" or "L* 



Mask Mode 


*1 


New Mask Mode 


WM1 data 


Old Mask Mode 


Don't care 


WM1 data 


0: Write Disable 




1: Write Enable 


Don't care 


: 'l'or'O' 
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SERIAL READ CYCLE (SE = V IL ) 



V|L — 



5T/0T V« "f| 



V IH 




VlL 



sioi v OH - y 



-SI08 Vql 



VALID 
DATA-OUT 



: tscc 



Xscp | , tsCA „ I l SCP 

>SOH . >SOtj 



^SCP t SCA *tsc? tSCA *t SC p tscA *tsCP *SCA ^SCP*^ *SCA *W 




K VALID s a £ VALID * a c VALID J H C VAUD 3 n r ~ 
DATA-OUT , ft r DATA-OUT , ft r DATA-OUT , lS r DATA-OUT 



Note : 5E= V| L 



VALID 
3ATA-OUT 



"H* or "L" 



SERIAL READ CYCLE (SE Controlled Outputs) 




l_ 



„ 11T V 0H - V VALID -y e VALID 3 1_ npFN i 1 VAUD =y c VALID : U l VALID 

°UT V OL _ A DATA-OUT „ r DATA-OUT , ? OPEN f „ DATA-OUT , A r DATA-OUT , ft .DATA-OUT 
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SERIAL WRITE CYCLE (SE = V IL ) 




SI01 v, H - 
-SI08 V, L _ 



Note : 5E= V| L 



: "H" or "I" 



SERIAL WRITE CYCLE (SE Controlled Inputs) 



T5T/0T 




, tscp 




*scp 




-*^-*-\ -*^\ 



Lout Voh 



VOL- 



OPEN 



"H" or "L" 
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PIN FUNCTION 
ADDRESS INPUTS : A ~A 8 

The 18 address bits required to decode 8 bits of the 2,097,152 cell locations within the dynamic RAM 
memory array and they are multiplexed onto 9 address input pins (Ag-Ag). Nine row address bits are latched 
on the falling edge of the row address strobe (RAS) and the following nine column address bits are latched on 
the falling edge of the column address strobe (CAS). 

ROW ADDRESS STROBE : RAS 

A random access cycle or a data transfer cycle begins at the falling edge of RAS. RAS is the control input 
that latches the row address bits and the states of CAS, DT/OE, WE/WE, DSF1 and DSF2 to invoke the various 
random access and data transfer operating modes shown in Table 1 . RAS has minimum and maximum pulse 
widths and a minimum precharge requirement which must be maintained for proper device operation and data 
integrity. The RAM port is placed in standby mode when the RAS control is held "high". 

COLUMN ADDRESS STROBE : CAS 

CAS is the control input that latches the column address bits which are also used for the tap address during 
the transfer operations. The state of the special function input DSF1 is read at the CAS falling edge to select the 
block write mode or load register functions in conjunction with the RAS control. CAS before RAS refresh 
operations are selected if the signal is "low" at the RAS falling edge. 

DATA TRANSFER/OUTPUT ENABLE : DT/OE 

The DT/OE input is a multifunction pin. When DT/OE is "high" at the falling vi.w of RAS, RAM port 
operations are performed and DT/OE is used as an output enable control. If it is "low", a liata transfer operation 
is activated between the RAM and the SAM. 
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WRITE PER BIT/WRITE ENABLE : WB/WE 

The WB/WE input is also a multifunction pin. When the signal is "high" at the falling edge of RAS, during 
the RAM port operations, it is used to write data into the memory array in the same manner as a standard DRAM. 
If the signal is "low" at the RAS falling edge, the write-per-bit function is enabled. The WB/WE input also 
determines the direction of data transfer between the RAM array and the SAM. 

WRITE MASK DATA/DATA INPUT AND OUTPUT: V/ l /IO^Wg/IOg 

Data is written into the RAM through W^Oj-Wg/IOg pins during a write cycle. The input data is latched 
at the falling edge of either CAS or WB/WE, whichever occurs late. In a read cycle data is read out of the RAM 
on the Wj / IO, pins after the specified access times from RAS, CAS, DT/OE and column address. The 4 least 
bits are also used as the column address mask during a block write cycle. 

When the write-per-bit function is enabled, the mask data on the W i flO i pins is latched into the write mask 
register at the falling edge of RAS. In a load mask and color register cycles, the data on the Wj/IOj pins is stored 
into the write mask register and the color register respectively. 

SERIAL CLOCK : SC 

All operations of the SAM port are synchronized with the serial clock SC. Data is shifted in or out of the 
SAM registers at the rising edge of SC. The serial clock SC also increments the 9-bits serial pointer which is 
used to select the SAM address. The SC pin must be held at a constant V IH or V IL level during read and masked 
write transfer operations and should not be clocked while the SAM is in standby mode to prevent the SAM 
pointer from being incremented. 
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SERIAL ENABLE : SE 

The SE input is used to enable serial access operation. In a serial read cycle, SE is used as an output control. 
In a serial write cycle, SE is used as a write enable control. When SE is "high", serial access is disabled, 
however, the serial address pointer is still incremented while SC is clocked. 

SPECIAL FUNCTION CONTROL INPUT: DSF 1, DSF 2 

DSFl is latched at the falling edge of RAS and CAS to select the various TC528257J/Z/FT/TR operations. 
If the signal is kept "low", the basical functions featured in conventional multi-port DRAM are enabled. To use 
the block write, the flash write and the load register functions or the split transfer operations, the DSFl signal 
needs to be controlled as shown in Table 1 . 

When the DSF2 signal is "high" at the falling edge of RAS, pipelined page mode operations are enabled. 
The pipeline mode is supported with the read, write and block write functions. 

SPECIAL FUNCTION OUTPUT: QSF 

QSF is an output signal which, during split register mode, indicates which half of the split SAM is being 
accessed. QSF "low" indicates that the lower split SAM (Bit 0-255) is being accessed and QSF "high" indicates 
that the upper split SAM (Bit 256~511) is being accessed. QSF is monitored so that after it toggles and after 
allowing for a delay of t STS , split read/write transfer operation can be performed on the non-active split SAM. 

SERIAL INPUT/OUTPUT : SIO^ SIO s 

Serial input and serial output share common I/O pins. Serial input or output mode is determined by the 
most recent read or masked write transfer cycle. After a read cycle, the Sl/Oi pin is in the output mode. When a 
masked write transfer cycle is performed, the Sl/Oi is switched from output mode to input mode, 

OPERATION MODE 

The RAM port and data transfer operating of the TG528257 are determined by the state of CAS, DT/OE, 
WE/WE, DSFl and DSF2 at the falling edge of RAS and by the state of DSFl at the falling edge of CAS. The 
Table 1 shows the functional truth table for a listing of all available RAM port and transfer operations. 
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Table 1. Operaton Truth Table 



RAS~*_ 


CAS ~t_ 


Mnemonic Code 


Function 


CAS 


DT/OE 


WB/WE 


DSF1 


DSF2 


DSF1 


o 


* 


* 


o 


* 




CBR 


CBR Auto Refresh & Option Reset •)• 2) 


o 


* 


o 


1 


* 




CBRS 


CBR Auto Refresh & Stop Register Set 2) 


o 


* 


1 


1 


* 




CBRN 


CBR Auto Refresh 







o 


o 


* 


* 


MWT 


Write Transer (New/Old Mask) 1} 




o 


o 


1 


* 


* 


MSWT 


Split Write Transfer (New/Old Mask) 1 ) 




o 


1 


o 


* 


* 


RT 


Read Transfer 




o 


1 


1 


* 


* 


SRT 


Split Read Transfer 




1 


o 


o 


o 





RWM 


Read Write (New/Old Mask) 1 ) 




1 


o 


o 


o 


1 


BWM 


BlockWrite (New/Old Mask) 1 ' 




1 


o 


1 


* 


* 


FWM 


Flash Write (New/Old Mask)') 




1 


1 


o 


o 


o 


RW 


Read Write (No Mask) 




1 


1 


o 


o 


1 


BW 


Block Write (No Mask) 




1 








1 





RWM(P) 


PFP 3) Read Write (New/Old Mask) 1 ) 




1 








1 


1 


BWM(P) 


PFP 3) Block Write (New/Old Mask) 1 ) 




1 


1 





1 





RW(P) 


PFP 3) Read Write (No Mask) 




1 


1 





1 


1 


BW(P) 


PFP 3) Block Write (No Mask) 




1 


1 


1 


* 





LMR 


Load (Old) Mask Register 1 ) 




1 


1 


1 


* 


1 


LCR 


Load Color Register 



Note : * =0 or 1 , - = Not applicable 

1) After LMR operation, MWT, MSWT, RWM, BWM, FWM, RWM (P), BWM (P) use old mask. 
CBR operation resets the old mask mode to new mask 

mode. 

2) CBRS operation determines binary boundaries in the SAM. 
CBR operation resets the boundaries. 

3) PFP stands for pipelined fast page mode 
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RAM PORT OPERATION 

1. READ WRITE FUNCTION : RW 

The TC528257 is equipped with the read write function which is identical to the conventional dynamic 
RAM's one and supports read, early write, OE controlled write and read-modify-write cycles as shown in the 
timing charts. Fast page and pipelined page modes are available with the read write cycles by performing 
multiple CAS cycles during a single active RAS cycle, a page. 

2. WRITE-PER-BIT (MASKED WRITE) FUNCTION : RWM 

The write-per-bit (masked write) function selectively controls the internal write enable circuits of the 
RAM port. When WB/WE is held "low" at the falling edge of RAS, during the RWM cycle, the write mask is 
enabled. At the same time, the mask data on the Wi/IOi pins is latched into the write-mask register. The I/O 
mask data maintains in a single RAS cycle, a page (New Mask Mode). When a load mask register function 
(LMR) is performed, the write mask data on the Wi/IOi pins is latched into the write-mask register. After the 
LMR operation, the data at the falling edge of RAS during the RWM cycle is ignored and the I/O mask data that 
was stored in the write-mask register is used (Old Mask Mode) until the mode is reset by CBR operation The 
truth table of the write-per-bit functon is shown in Table 2. 

Table 2. Truth table for write-per-bit function 





At the falling edg 


e of RAS 


Write Mask Register 


Function 


CAS 


DT/OE 


WB/WE 


Wi/IO; (i=l~8) 








1 


<— 


Write Enable 


H 


H 


L 





<- 


Write Disable (New Mask) 


* 


1 


Write Enable 








* 





Write Disable (Old Mask) 



Note: = 1 or , <- = The data on Wi/IOi is latched. 



3. BLOCK WRITE AND MASKED BLOCK WRITE : BW & BWM 

Block write is a special RAM port write operation which, in a page, allows for the data in the color register 
to be written into 4 consecutive column address locations starting from a selected column address in a selected 
row. The block write operation can be selectively disabled on an I/O basis and a column mask capability is also 
available. 
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A block write cycle is performed by holding CAS, DT/OE "high" and DSF1 "low" at the RAS falling edge 
and by holding DSF1 "high" at the CAS falling edge. If the DSF signal is "low" at the CAS falling edge, a read 
write operation will occur. Therefore, a combination of block write, read and write operations can be performed 
during a fast page mode cycle. The state of WB/WE input at the falling edge of RAS determines whether or not 
the I/O mask is enabled (WB/WE must be "low" to enable the I/O mask, BMW mode or "high" to disable it, 
BW mode). The I/O mask is provided on the Wi/IOi input at the RAS falling edge. After LMR operation, 
however, the old mask is used for the I/O mask function. The column mask data on the Wi/IOi input must be 
provided at the CAS or WB/WE falling edge whichever is late, while the seven most significant colunm address 
(A2C-A8C) are latched at the falling edge of CAS. 

An example of the block write function is shown in Figure 1 with a mask on W3/IO3, W4/IO4, Wg/IOg, 
Wg/IOg and column 1 . The block write is most effective for window clear and fill operation in frame buffer 
applications. 

Figure 1. Block Write Operation 



Example 
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W/IO 




1 


2 


3 


4 
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8 


WM1 Register 


1 


1 


® 


® 


1 


® 


1 


CD 


Column Select 


1 


<8> 
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Color Register 


1 





1 





1 


1 










*i 


*2 


Mask Mode 


1 


Don't Care 


No Mask Mode 





WM1 


New Mask Mode 





Don't Care 


Old Mask Mode 



*3 COLUMN SELECT 

W,/IO, - Column (A1C = 0, AOC = 
W 2 /I0 2 - Column 1 (A1C = 0, AOC = 1 
W3/IO3 - Column 2 (A1C = 1, AOC = 
W4/IO4 - Column 3 (A1C = 1, AOC = 1 
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4. FLASH WRITE : FWM 

Flash write is also a special RAM port operation which in a single RAS cycle, allows for the data in the 
color register to be written into all the memory locations of a selected row. Each bit of the color register 
corresponds to one of the DRAM I/O blocks and the flash write operation can be selectively controlled on an 1/ 
O basis in the same manner as the write-per-bit operation. 

A flash write cycle is performed by holding CAS "high", WB/WE "low" and DSF1 "high" at the falling 
edge of RAS. The mask data must also be provided on the Wi/IOi inputs in order to enable the flash write 
operation for selected I/O blocks. After a LMR operation, however, the old mask in the mask register is used for 
the I/O block masking. 

Flash write is most effective for fast plane clear operations in frame buffer applications. Selected planes 
can be cleared by performing 512 flash write cycle and by specifying a different row address location during 
each flash write cycle. Assuming a cycle time of 130ns, a plane clear operation can be completed in less than 
66.6 \i sec. 

Figure 2. Flash Write Operation 
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5. PIPELINED FAST PAGE MODE : RWM (P), BWM (P), RW (P), B W (P) 

Pipelined fast page mode allows much faster access to the memory than the conventional page mode. 
Read, write and block write cycles are available at the pipelined fast page mode timings. 

A pipelined fast page mode is performed by holding DSF2 "high" at the falling edge of RAS. A pipelined 
fast page read, write and block write operations can run at 30ns cycle time for 70ns version. Also, those mode 
can be selected every CAS cycle by the status of DT/OE, WB/WE and DSF1 pin. There are, however, penalties 
on the performance as follows 

(1) Two CAS cycles are required for the read operation. The fast access, hence, takes longer than page 
mode. Also, one CAS cycle is needed to read out the data before the write cycle starts in the same page. 

(2) One dummy cycle is needed to complete the write and block write operation. The cycle is, thus, needed 
between the write and the read operation and is required before the page ends. 

A system designer needs to carefully estimate the system performances with the pipelined page mode and 
the conventional page mode in order to decide which mode should be used. 

6. LOAD (OLD) MASK REGISTER : LMR 

The TC528257 has an on-chip 8-bit write-mask register which provides the I/O mask data during the 
masked functions such as the write-per-bit (RWM), masked block write (BWM), flash write (FWM) and write 
transfer (MWT, MSWT) functions. Each bit of the write-mask register corresponds to one of the DRAM I/O 
blocks. After the mask data is specified in the write-mask register by using the load mask register (LMR) cycle, 
the old mask mode is invoked during the masked functions. The I/O mask data in the write-mask register 
maintains until another LMR operation is performed during the old mask mode. The LMR cycle is initiated by 
holding CAS, DT/OE, WB/WE and DSF1 "high" at the falling edge of RAS and by DSF1 "low" at the falling 
edge of CAS. The data presented on the Wi/IOi lines are subsequently latched into the write-mask register at the 
falling edge of either CAS or WB/WE, whichever occurs later. The old mask mode is reset to the new mask 
mode by a CAS before RAS refresh cycle (CBR). During the LMR cycle, the memory calls of the row address 
which is latched at the falling edge of RAS are refreshed. 

Figure 3. State Diagram of Mask Mode 
LMR cycle 



New Mask Mode 



Old Mask Mode 



CBR cycle 
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7. LOAD COLOR REGISTER : LCR 

The TC528257 is provided with an on-chip 8-bits register (color register) for use during the block write or 
flash write function. Each bit of the color register corresponds to one of the DRAM I/O blocks. The load color 
register cycle is initiated by holding CAS, WB/W1, DT/OE and DSF1 "high" at the falling edge of RAS. The 
data presented on the Wi/IOi lines is subsequently latched into the color register at the falling edge of either CAS 
or WB/WE, whichever occurs later. During the load color register cycle, the memory cells on the row address 
latched at the falling edge of RAS are refreshed. 

8. REFRESH 

The data in the DRAM requires periodic refreshing to prevent data loss. Refreshing is accomplished by 
performing a memory cycle at each of 512 rows in the DRAM array within the specified 8 ms refresh period. 
The TC528257 supports the conventional dynamic RAM refresh operations such as RAS only refresh, CAS 
before RAS refresh and hidden refresh. 



8.1 CAS before RAS Refresh and Option Reset : CBR 

The CBR cycle reset the following functions, performing the CAS before RAS refresh operation at the 
same time. 

• To reset the old mask mode to the new mask mode for the masked functions. 

• To reset the stop register and remove the binary boundaries for the split SAM operation, 

The systems which implement neither the old mask mode nor the binary boundary in the SAM is 
recommended to use the CBR cycle for refresh operation. 
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8.2 CAS before RAS Refresh : CBRN 

The CBRN cycle performs only the CAS before RAS refresh operation. The systems which implement 
either the old mask mode or the binary boundary in the SAM usually use the CBRN cycle for refresh operation 
except for at the required stop register set or option reset cycles. The CBRN cycle must not be used during the 
initialization after power-up. 

8.3 CAS before RAS Refresh and Stop Register Set : CBRS 

The CBRS cycle sets the stop register to place binary boundaries in each half SAM, performing the CAS 
before RAS refresh operation at the same time. The CBRS cycle is initiated by CAS holding "low" and by WB 
/WE and DSF1 "high" at the falling edge of RAS. At the same time the data on the address pins, A - A 8 is 
latched and the binary boundaries in each half SAM will be available when a split transfer operation is 
performed. 

Figure 4 . Stop Register and Binary Boundary Location 

Stop Register Value Binary Boundary Locations 

As- Aq 



11111 

1111 

1 1 1 

1 1 

111 

1 1 
1 
00000000 
000000000 



y These values are not allowed to be set. 



Last Address of each block 
255, 511 Default Case 



127. 255, 383, 511 



63, 127, 191, 255, 319, 383, 447, 511 



31, 63, 95, 127, 159, 191, 223, 255, 287, 
319, 351, 383, 415, 447, 479, 511 



15, 31, 47, 63, 79, 95, 111, 127, 143, 
159, 175, 191, 207, 223, 239, 255, 271, 
287, 303, 319, 335, 351, 367, 383, 399, 
415, 431, 447, 463, 479, 495, 511 
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DATA TRANSFER OPERATION 

The TC528257 features two types of internal bidirectional data transfer capability between the RAM and 
the SAM, as shown in Figure 5. During a normal transfer, 512 words by 8-bits of data can be loaded from RAM 
to SAM (Read Transfer) or from SAM to RAM (Write Transfer), During a split transfer, 256 words by 8-bits of 
data can be loaded from the lower / upper half of the RAM into the lower / upper half of the SAM (Split Read 
Transfer) or from the lower/upper half of the SAM into the lower/upper half of the RAM (Split Write Transfer). 
The normal transfer and split transfer modes are controlled by the DSF1 input signal 



512 
rows 



512 columns 



512x512x8 
Memory Cell Array 







512x8 



Figure 5. (a) Normal Transfer 
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(b) Split Transfer 



Table 3. Shows the truth table of each Transfer Modes 



RAS 


Mnemonic 
Code 


Transfer Mode 


Transfer 
Direction 


Transfer 
Bit 


SAM Port Mode 


CAS 


DT/OE 


WB/WE 


DFS1 


H 


L 


H 


L 


RT 


Read Transfer 


RAM -» SAM 


512x8 


Input —¥ Output 


H 


L 


L 


L 


WT 


Write Transfer (New/Old Mask) 


SAM -> RAM 


512x8 


Output — > Input 


H 


L 


H 


H 


SRT 


Split Read Transfer 


RAM -> SAM 


256x8 


Not changed 


H 


L 


L 


H 


SWT 


Split Write Transfer (New/Old Mask) 


SAM -> RAM 


256x8 


Not changed 
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9. READ TRANSFER CYCLE : RT 

A read transfer consists of loading a selected row of data from the RAM array into the SAM register. A 
read transfer is invoked by holding CAS "high", DT/OE "low" WB/W1 "high" and DSF1 "low" at the falling 
edge of RAS, The row address selected at the falling edge of RAS determines the RAM row to be transferred 
into the SAM. At the same time, the SAM port is set into the output mode. The start address of the serial pointer 
of the SAM (TAP address) is determined by the column address selected at the falling edge of CAS. By doing 
a tight timing control between the DT/OE rising edge and SC falling edge, a real time read transfer operation 
can also be performed. 

Figure 6 shows the operation block diagram for read transfer operation. 

Figure 6. Block Diagram for Read Transfer Operation 
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512x512x8 bits 
Memory Cell Array 



-□ SIO,- 8 



Serial Read 



Selected Row 



In a read transfer cycle (which is preceded by a write transfer cycle), the SC clock must be held at a 
constant V IL or Vj H , after the SC high time has been satisfied. A rising edge of the SC clock must not occur until 
after the specified delay t TSD from the rising edge of DT/OE and the falling edge of RAS and CAS , as shown 
in READ TRANSFER CYCLE timing chart. 

10. WRITE TRANSFER CYCLE : WT 

A write transfer cycle consists of loading the content of the SAM register into a selected row of the RAM 
array. The write transfer is invoked by holding CAS "high", DT/OE "low", WB/WE "low", and DSF1 "low" at 
the falling edge of RAS. The row address selected at the falling edge of RAS determines the RAM row address 
into which the data will be transferred. The column address selected at the falling edge of CAS determines the 
start address of the serial pointer of the SAM (TAP address). After the write transfer is completed, the SIO lines 
are set in the input mode so that serial data synchronized with the SC clock can be loaded. 
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The write transfer is selectively controlled per RAM I/O block by setting the mask data on the Wi/IOi lines 
at the falling edge of RAS (some as in the write-per-bit operation). Before the serial clock starts loading the data 
into the SAM through SIO pins, the write transfer operation with all I/O blocks disabled must be performed in 
order to change the SAM port from output. Please note that the conventional pseudo write transfer is not 
available in the TC528257. The mask function is switched between the new and old mask mode by the LMR 
and CBR cycle. 



SAM Start Address 



□ SIO,~SI0 8 




Selected 
Row 



W^IO, W 2 /I0 2 W3/IO3 W4/IO4 W5/IO5 W 6 /I0 6 W7/IO7 W 8 /I0 8 




"0" 

Transfer operation 
is inhibited. 





Transfer operation 
is inhibited. 



Figure 7. Block Diagram for Write Transfer Operation 



When consecutive write transfer operations are performed, new data must not be written into the serial 
register until the RAS cycle of the preceding write transfer is completed. Consequently, the SC clock must be 
held at a constant Vj L or V IH during the RAS cycle. A rising edge of the SC clock is only allowed after the 
specified delay t SRD from the rising edge of RAS, at which time a new row of data can be written in the serial 
register. 
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11. SPLIT READ TRANSFER CYCLE : SRT 

A split read transfer consists of loading 256 words by 8-bits of data from a selected row of the half RAM 
array into the corresponding half SAM in stand-by mode, Serial data can be shifted out of the other half of the 
SAM in active mode simultaneously, as shown in Figure 8. The most significant column address (A8C) is 
controlled internally to determine which half of the SAM will be reloaded from the RAM-array; During the split 
read transfer operation, the RAM port control signals do not have to be synchronized with the serial clock SC, 
thus eliminating the timing restrictions as in the case of real time read transfers. Prior to the execution of the 
split read transfer operation, a (normal) transfer operation must be performed to determine the absolute tap 
address location. QSF is an output that indicates which half of the SAM is in the active state. 

QSF changes state when the last SC clock is applied to the active SAM, as shown in Figure 9. 
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Figure 8. Split Read Transfer 
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Figure 9. Example of Consecutive Read Transfer Operations 
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12. SPLIT WRITE TRANSFER : MSWT 

A split write transfer is the similar function to the split read transfer. The difference is that the transfer 
direction is from the stand-by half SAM into a selected row of the corresponding half RAM array, Also, serial 
data can be shifted into the other half of the SAM simultaneously, as shown in Figure 10. New and old mask 
capability is supported in the MSWT cycle as is in the write transfer operation. Prior to the execution of the split 
write transfer operation, a write transfer operation, in which all I/O blocks are usually disabled, must precede to 
switch the SAM port from output mode to input mode and to set the initial TAP location for the serial input 
operation. 



256 columns 256 columns 



512 
rows 











\ I I 


stand - by 


v Active 



t 

SIO 



Figure 10. Block Diagram for Split Write Transfer 
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Figure 1 1 . Example of Consecutive Write Transfer Operations 
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NOTES 

(1) Transfer operation without CAS. 

The SAM tap location is undefined if CAS is maintained at a constant "high" level during a transfer 
cycle. A transfer cycle with CAS held "high" is, hence, not allowed. 



MS 
US 
Address 



Row 



Not 

Allowed 



(2) In the case of multiple split transfers performed into the same half SAM, the tap location specified 
during the last split transfer, before QSF toggles, will prevail, as shown below. 



RAS" 



CAS 



QSF 



— 



Addres$ - <Rowif fip~n — (^jyj^iy-'A—^N^N}- 



lower SAM : Active 
upper SAM : Non-active 



lower SAM : Non-active 



i Last First upper SAM : Active 
t Clock Clock 



t J~u~ltl -. ss .....„jTJTJ^n^n_n_ru~ 



_ Multiple Split transfer into upper SAM 
Serial access of lower SAM 



Serial access of upper SAM 
starting at Tap N location 



(3) Split transfer operation allowable period. 

Figure 12 illustrates the relationship between the serial clock SC and the special function output QSF 
during split read / write transfers and highlights the time periods where split transfers are allowed, 
relative to SC and QSF. A split transfer is not allowed during to t SXH + t STS . In the case that the CBRS 
operation is executed and the binary boundary in each half SAM is set or updated, an additional period 
is applied, as shown in Figure 12. 

Last First 
Clock Clock 

fO-T 




Figure 12. Split Transfer Operation Allowable Periods 



The stop register and binary boundary are explained in the CBRS operation and the SAM port operation. 
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(4) A normal transfer (read/write) may be performed following split transfer operation provided that a t STS 
minimun delay is satisfied after the QSF signal toggles. 



QSF 



Split Transfer. 



-Normal Transfer Operation Allowed 



(5) Binary-Boundary SET/RESET Cycle Timing 

When the address counter of serial-access-memory (SAM) pointed as the last address of each boundary 
address, (15, 31,47, 63,79, 95, 111, 127, 143, 159, 175, 191,207, 223,239, 255,271,287, 303,319, 
335, 351, 367, 383, 399, 415, 431, 447, 463, 479, 495, 51 1), the boundary-set or change by CBRS-cycle 
or the boundary-reset by CBR-cycle may cause the unexpected operation of SAM counter or QSF 
status. 

If the system design with these timing is required, please contact to our local sales office. 

SAM PORT OPERATION 

The TC528257 is provided with 512 words by 8-bits serial access memory (SAM) which can be operated 
in the single register mode or the split register mode. High speed serial read or write operations can be performed 
through the SAM port independent of the RAM port operation. 

13. SINGLE REGISTER SERIAL READ OPERATION 

Serial data can be read out of the SAM port after a read transfer has been performed. The read transfer 
operation changes the SAM port to the output mode. At every rising edge of the serial clock, the data is read out 
sequentially starting from the selected tap location to the most significant bit and then wraps around to the least 
significant bit, as illustrated below. Subsequent real - time read transfer may be performed on-the-fly as many 
times as desired. 

Start address : Tap location 
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2 




*- 






509 


510 


511 

















14. SINGLE REGISTER SERIAL WRITE OPERATION 

During the serial write operation, the data is written into the SAM at every rising edge of the serial clock. 
A write transfer cycle, at which all I/Os are usually masked, must be performed to change the SAM port to the 
input mode. The tap location, which is the start address of the serial write, is set by the column address at the 
falling edge of CAS. After the data is filled in the SAM, the serial clock must stop toggling and a write transfer 
cycle is subsequently used to load the SAM data into the RAM selected by the row address at the falling edge 
of RAS. The tap address is set during the same cycle for the next serial write opration. 
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15. SPLIT REGISTER MODE 

The split register mode realizes continuous serial read or write operation. The data can be shifted into or 
out of one half of the SAM while a split read or write transfer is being performed on the other half of the SAM. 
Thus, the tight timing control at a real time read operation is eliminated with the split read operation. A normal 
read / write transfer operation must precede any split read/write transfer operation in order to set the SAM port 
into output mode or input mode, as the split read or write transfer operations will not change the SAM port mode. 
Also, a CAS before RAS refresh and stop register set cycle (CBRS) can be performed to specify the binary 
boundaries in the SAM. 

In the split register mode, serial data can be read from or written into one of the split registers starting from 
any of the 256 tap locations. The data is read or written sequentially from the tap location to the most significant 
bit (255 or 5 1 1 ) of the first split SAM and then the SAM pointer moves to the tap location selected for the second 
split SAM to read or write the data sequentially to the most significant bit (255 or 5 1 1) and finally wraps around 
to the least significant bit, as illustrated in the example below. 



Tap location i ap location 

;^_ASRT is executed ^ j^No SRT is executed J 





















































































12 255 


256 










511 



16. SPLIT REGISTER MODE WITH BINARY BOUNDARY 

After a CBRS cycle is performed, the binary boundary, which is stated in 8.3. CAS before RAS refresh 
and stop register set, is set when a SRT cycle is performed. The serial data is read from or written into one half 
of the SAM starting the tap location to the next binary boundary, while another SRT cycle is performed. Than, 
the SAM pointer moves to the tap location in the other half SAM and the data is read from or written into the 
half SAM sequentially. If any SRT operation is not performed before the next boundary, the SAM pointer does 
not jump to the other half SAM, as illustrated in Figure 12. 
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Figure 12. Operation of Split Register Mode with Binary Boundary 

The binary boundary is reset by a CBR cycle and the SAM operation mode returns to the normal split 
register mode, as shown in Figure 13. 

Fig. 14 shows the relation between CBR and SC on binary-boundary-reset. When Nth SC clock accesses 
old binary address is reset and (N + l)th SC clock accesses old boundary address (old stop address) + 1 on the 
same split SAM, not jump to TAP address. 



SRT 3 



By CBR 



TA 
c 


; — t 1 .: • 




Bo 
1 


Bo 


Bo 


Bo 



B : Old 

Boundary 



TAP 3 



Figure 13. Binary Boundary Reset 
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MS. 
CAS. 

SC 



■run 



CBR 



tRES 



n_pjiji_ri_ 



Old Stop Address 



Figure 14. CBR and SC relation of binary-boundary-reset 

In an actual system which uses the binary boundary a CBRS cycle is executed to determine a type of the 
boundary location. Then, a normal RT transfers a row of data into the SAM and set the initial tap location at the 
same time. An SRT cycle follows it before the SAM pointer reaches to the boundary location. The SRT cycle 
makes the binary boundary jump effective, as illustrated in Figure 15. 



CBRS 




JTJl-vflilTL 

TAPl Boundary XAP2 
Location^ 



Figure 15. Binary Boundary Jump Set Sequence 



There are additional timing specifications, t TSAA and t SAAX to determine the period that does not allow a 
split transfer, as illustrated in Figure 16. 
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Boundary < ,+ 



Boundary 1ct 

I noatinn 'SI 



Period B \ v 

=> 



M — M- 




tsrs 



Itsaa 



jgQD 



Period A 
Period B 



Split Transfer operations are not allowed. 
Split Transfer operations are allowed. 



Figure 16. Timing Specification to allow SRT operation 



POWER-UP 



Power must be applied to the RAS and DT/OE input signals to pull them "high" before or at the same time 
as the V cc supply is turned on. After power-up, a pause of 200 (Aseconds minimum is required with RAS and 
DT/OE held "high". After the pause, a minimum of 8 CBR dummy cycles must be performed to stabilize the 
internal circuitry, before valid read, write or transfer operations can begin. During the initialization period, the 
DT/OE signal must be held "high". 

INITIAL STATE AFTER POWER-UP 

When power is achieved with RAS, CAS, DT/OE and Wb/WE held "high", the internal state of the 
TC528257 is automatically set as follows. 

However, the initial state can not be guaranteed for various power-up conditions and input signal levels. 
Therefore, it is recommended that the initial state be set after the initialization of the device is performed (200 
□.seconds pause followed by a minimum of 8 CBR cycles) and before valid operations begin. 





State after power-up 


SAM port 


Input Mode 


QSF 


High-Impedance 


Color Register 


all "0" 


Write Mask Register 


Write Enable 


TAP pointer 


Invalid 


Sto Register 


Default Case 
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silicon gate cmos target spec 

262,144WORDS x 8BITS MULTIPORT DRAM 
DESCRIPTION 

The TC528267 is a 2M bit CMOS multiport memory equipped with a 262, 144- words by 8-bits dynamic 
random access memory (RAM) port and a 512-words by 8-bits static serial access memory (SAM) port. The 
TC528267 supports three types of operations; Random access to and from the RAM port, high speed serial 
access to and from the SAM port and bidirectional transfer of data between any selected row in the RAM and 
the SAM. To realize a high performance graphic frame buffer system the TC528267 features various special 
operations such as the write - per - bit, the pipelined page mode, the block write and flash write function on the 
RAM port and the read and masked write transfer operations between the RAM and the SAM port. In addition, 
the TC528267 is fabricated using Toshiba's CMOS silicon gate process as well as advanced circuit designs to 
provide low power dissipation and wide operating margins. 



FEATURES 

• Single power supply of 5 V± 10% with a built-in 
V BB generator 

• All inputs and outputs : TTL Compatible 

• Organization 

RAM Port : 262,144wordsX8bits 
SAM Port : 512wordsX8bits 

• RAM Port 

Extended Fast Page Mode, Read - Modify - 
Write, Pipelined Fast Page Mode, CAS before 
RAS Auto Refresh, Hidden Refresh, RAS only 
Refresh, Write per Bit (New/Old Mask Mode), 
Masked Flash Write (New/Old Mask Mode), 
Block Write, Masked Block Write (New/Old 
Mask Mode), Load Mask Register/Color 
Register Cycle, 512 refresh cycles / 8ms 

• SAM Port 

Serial Read / Write Capability 
Addressable TAP Capability 
Stop Address (Binary Boundary) Capability 
Fully Static Register, Single Register/Split 
Register Mode Capability 

• RAM - SAM Bidirectional Transfer 

Read / Real Time Read Transfer 

Masked Write Transfer 

Split Read / Masked Split Write Transfer 

• Package 

TC528267J : SOJ40-P-400 
TC528267FT : TSOP44-P-400B 
TC528267TR : TSOP44-P-400C 



KEY PARAMETERS 



ITEM 




— /u 


SO 
oU 


*RAC 


RAS Access Time 
(Max.) 


70ns 


80ns 


tcAC 


CAS Access Time 
(Max.) 


20ns 


20ns 


l AA 


Column Address Access 
Time (Max.) 


35ns 


40ns 


*RC 


Cycle Time (Min.) 


130ns 


150ns 


tpC 


Page Mode Cycle Time 
(Min.) 


35ns 


40ns 


l SCA 


Serial Access Time 
(Max.) 


20ns 


25ns 


l SCC 


Serial Cycle time (Min.) 


25ns 


30ns 


l RACP 


t RAC in Pipelined Fast 
Page 


90ns 


95ns 


tCACl 


t CAC in Pipelined Fast 
Page 


20ns 


20ns 


l PCP 


Pipelined Fast Page 
Mode Cycle Time 


30ns 


30ns 


Icci 


RAM Operating Current 
(SAM : Standby) 


100mA 


85mA 


IcC2A 


SAM Operating Current 
(RAM : Standby) 


60mA 


50mA 


I CC2 


Standby Current 


10mA 


10mA 
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PIN NAME 



A0-A8 


Address inputs 


RAS 


Row Address Strobe 


CAS 


Column Address Strobe 


DT/OE 


Data Transfer/Output Enable 


Wb/we 


Write per Bit/Write Enable 


DSF1 


Special Function Control 


DSF2 




W1/I01-W8/I08 


Write Mask/Data IN OUT 


SC 


Serial Clock 


SE 


Serial Enable 


SI01-SI08 


Serial Input/Output 


QSF 


Special Flag Output 


Vcc/Vss 


Power (5V)/Ground 


N.C. 


No Connection 



PIN CONNECTION (TOP VIEW) 



TC528267J 



TC528267FT 



Vccl 
SC 
SI01 
SI02 
SI03 
5IQ4 
DT/OE 
W1/I01 
W2/I02 
W3/I03 
W4/I04 
_V«4[ 

WB/WE [ 
RASE 
A8[ 
A7[ 
A6[ 
A5[ 
A4[ 
V CC 2C 



]V S ,1 
]SI08 
]SI07 
] SI06 
]SI05 

] W8/I08 
] W7/I07 
] W6/I06 
] W5/IOS 
JV S $2 
] DSF1 
] DSF2 
] CAS 
]QSF 
] AO 
]A1 
]A2 
3 A3 
]V„3 



V CC 1 1 
SC[ 

5101 [ 3 

5102 [ 4 

5103 [ 5 
_SI04 [ 
DT/OE [ 

W1/101 [ 8 
W2/I02 [ 
W3/I03[ 



W4/I04 [ 

WB/WE [ 
RAS [ 
A8[ 
A7[ 
A6[ 
AS[ 
A4 
V«2C 



]V»1 
]S108 
]SI07 
]SI06 
]SIOS 
]« 

] W8/I08 
] W7/I07 
] W6A06 
] W5/I05 

]V SS 2 
] DSF1 

]OSF2 
] CAS 
]QSF 
3 AO 
3A1 
3A2 
]A3 
]V, S 3 



TC528267TR 

i 
2 



V ss 1 C 44 

5105 [ 43 
SI07 [ 42 

5106 [ 41 
SI05 [ 40 

SE [ 39 
W8/I08 C 38 
W7/I07 C 37 
WM06 C 36 
W5/10S£ 3S 



V S $2[ 
DSF1 [ 
DSF2 [ 

CAS [ 

QSF[ 
AO [ 
A1[ 
A2[ 
A3 C 

V S $3[ 



] v cc ' 
3sc 
3 sioi 

] SI02 
]SI03 
3 SIOA 

]bT/6T 
]wi/ioi 

] W2/I02 
] W3/IO 

] W4/K 

3vjjf 

] WB_/ 
] RAS 
]A8 
A7 
]A6 
]A5 
] A4 



22 ]V CC 2 
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BLOCK DIAGRAM 



W1/I01~W8/I08 
???????? 



OUTPUT BUFFER 



2k 



INPUT BUFFER 



K M IS |«§ Q Q ii tn 
???????? 



TIMING GENERATOR 



5I01~SI08 
???????? 



SERIAL OUTPUT 

BUFFER 




1 



SERIAL INPUT 
BUFFER 



\7\7\ 




WRITE 


WRITE-PER 


CONTROL 


BIT 



L/i wmi r-j 

C, REGISTER - 

N I (8bit) N r 



TRANSFER 
CONTROL 



512 



512x512x8 
CELL 
ARRAY 



TTT 
512 
I I I 



ROW DECODER 




« — 



QSF 



32 



-|>— ° QSF 



SERIAL ADDRESS 
COUNTER Obits) 



COLUMN ADDRESS 
BUFFER (9bits) 



11 



ROW ADDRESS 
BUFFER Obits) 



nTTTTTTT 

A0~A8 



REFRESH 
COUNTER 



i I 

Vcc v ss 
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ABSOLUTE MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


NOTE 


V IN' V OUT 


Input Output Voltage 


— 1.0-7.0 


V 


1 


V CC 


Power Supply Voltage 


— 1 .0-7.0 


V 


1 


T OPR 


Operating Temperature 


0-70 


°C 




TsTG 


Storage Temperature 


— 55-150 


°C 




^SOLDER 


Soldering Temperature • Time 


260«10 


°C»sec 




P D 


Power Dissipation 


1 


W 




Iqut 


Short Circuit Output Current 


50 


mA 





RECOMMENDED D.C. OPERATING CONDITIONS (Ta = <K70°C) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


NOTE 


V C c 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


2 


Vffl 


Input High Voltage 


2.4 




6.5 


V 


2 


Vil 


Input Low Voltage 


- 1.0 




0.8 


V 


2 



+: -IV 20ns Pulse width 



CAPACITANCE (V cc = 5V, f = 1MHz, Ta = 25°C) 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNIT 


C 

I 


Input Capacitance 




7 


pF 


C 

IO 


Input/Output Capacitance 




9 


Co 


Output Capacitance (QSF) 




9 



Note: This parameter is periodically sampled and is not 100% tested. 
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D.C. ELECTRICAL CHARACTERISTICS (V cc = 5V ± 10%, Ta = 0~70°C) 



ITEM (RAM PORT) 


SAM PORT 


SYMBOL 


-70 


-80 


UNIT 


NOTE 


MIN. 


MAX. 


MIN. 


MAX. 


OPERATING CURRENT 
/RAS,CASCycling\ 
VRC = t RC min - / 


Standby 


^Cl 




100 




90 




3,4,5 


Active 


^ClA 




160 




140 




3,4,5 


STANDBY CURRENT 
RAS, CAS - V IH 


Standby 


l CC2 




10 




10 






Active 


!cC2A 




65 




55 




3,4,5 


RAS ONLY REFRESH CURRENT 
/ RAS Cycling, CAS - V If A 
I l RC = l RC min - 1 

\ / 


Standby 


!CC3 




100 




90 




3,4 


Active 


!CC3A 




160 




140 




3,4,5 


PAGE MODE CURRENT 

/ RAS = V IL , CAS Cycling \ 
\ l PC = l PC min - / 


Standby 


!CC4 




90 




80 




3,4,5 


Active 


I CC4A 




150 




130 


mA 


3,4,5 


CAS BEFORE RAS REFRESH CURRENT 
/ RAS Cycling, CAS Before RAS\ 
\ t RC = t RC min - / 


Standby 


l CC5 




100 




90 


3,4,5 


Active 


J CC5A 




160 




140 




3,4,5 


DATA TRANSFER CURRENT 
/RAS,CASCycling\ 
\ l RC = l RC min - / 


Standby 


!CC6 




135 




125 




3,4,5 


Active 


!CC6A 




195 




175 




3,4,5 


FLASH WRITE CURRENT 
/ RAS, CAS Cycling \ 
^ t RC = t RC min - ) 


Standby 


l CC7 




100 




90 




3,4,5 


Active 


!CC7A 




160 




140 




3,4,5 


BLOCK WRITE CURRENT 
/RAS,CASCycling\ 
\ t RC = t RC min - / 


Standby 


l CCS 




110 




100 




3,4,5 


Active 


!CC8A 




170 




150 




3,4,5 



ITEM 


SYMBOL 


MIN. 


MAX 


UNIT 


NOTE 


INPUT LEAKAGE CURRENT 

0V < V IN < 6.5V, All other pins not under test=0V 




—10 


10 


HA 




OUTPUT LEAKAGE CURRENT 

0V < Vqut ^ 5.5V, OutputDisable 


X 0(L) 


—10 


10 






OUTPUT "H" LEVEL VOLTAGE 
kmr = - lmA 


V OH 


2.4 




V 




OUTPUT "L" LEVEL VOLTAGE 
Iqut = 2.1mA 


Vol 




0.4 


V 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS (V cc = 5V ± 10%, Ta = <K70°C)(Notes: 6, 7, 8) 



SYMBOL 


PARAMETER 


-70 


-80 


UNIT 


NOTE 


MIN. 


MAX. 


MIN. 


MAX. 


'RC 


Random Read or Write Cycle Time 


130 




150 








'rmw 


Read-Modify-Write Cycle Time 


180 




200 








'pc 


Fast Page Mode Cycle Time 


35 




40 








'PRMW 


Fast Page Mode Read-Modify-Write CycleTime 


90 




90 








'rac 


Access Time from RAS 




70 




80 




9, 15 


'AA 


Access Time from Column Address 




35 




40 




9, 15 


tCAC 


Access Time from CAS 




20 




20 




9, 16 


'CPA 


Access Time from CAS Precharge 




35 




40 




9, 16 


tcLZ 


CAS to Output in Low-Z 
















*OELZ 


OE to Output in Low-Z 
















*OFF 


Output Buffer Turn-Off Delay 





15 





15 




11, 17 


t T 


Transition Time (Rise and Fall) 


3 


50 


3 


50 




8 




RAS Precharge Time 


50 




60 








tRAS 


RAS Pulse Width 


70 


10000 


80 


10000 






'FASP 


RAS Pulse Width (Fast Page Mode Only) 


70 


100000 


80 


100000 






'RSH 


RAS Hold Time 


20 




20 








'CSH 


CAS Hold Time 


70 




80 








kZAS 


CAS Pulse Width 


15 


10000 


20 


10000 






'RCD 


RAS to CAS Delay Time 


20 


50 


20 


60 




15 


'rad 


RAS to Column Address Delay Time 


15 


35 


15 


40 




15 


'ral 


Column Address to RAS Lead Time 


35 




40 








tcRP 


CAS to RAS Precharge Time 


5 




5 








tCPN 


CAS Precharge Time 


10 




10 




ns 




'cp 


CAS Precharge Time (Fast Page Mode) 


10 




10 








'asr 


Row Address Set-Up Time 
















'rah 


Row Address Hold Time 


10 




10 








'ASC 


Column Address Set-Up Time 
















'CAH 


Column Address Hold Time 


12 




15 








'RCS 


Read Command Set-Up Time 
















'rch 


Read Command Hold Time 














12 


'rrh 


Read Command Hold Time referenced to RAS 














12 


'\VCH 


Write Command Hold Time 


10 




15 








'wp 


Write Command Pulse Width 


10 




10 








'wpz 


Write Command Pulse Width 


10 




15 






11 


'WEZ 


Write Command Output Buffer Turn-Off Delay 




10 




15 




11 


'rwl 


Write Command to RAS Lead Time 


20 




20 








tcWL 


Write Command to CAS Lead Time 


15 




20 








l DS 


Data Set-Up Time 














13 


'DH 


Data Hold Time 


12 




15 






13 


'wcs 


Write Command Set-Up Time 














14 


'rwd 


RAS to WE Delay Time 


95 




105 






14 


'AWT) 


Column Address to WE Delay Time 


60 




65 






14 


feWD 


CAS to WE Delay Time 


45 




45 






14 


fcOH 


CAS Hold Time referenced to OE 


5 




5 








l RES 


RAS to SC boundary - reset Time 


30 




30 
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SYMBOL 


PARAMETER 


-70 


-80 


UNIT 


NOTE 


MIN. 


MAX 


MIN. 


MAX. 


l DZC 


Data to CAS Delay Time 












ns 




l DZO 


Data to OE Delay Time 














tfJEA 


Access Time from OE 




20 




20 


9 


tOEZ 


Output Buffer Turn-off Delay from OE 




15 




15 


11 


l OED 


OE to Data Delay Time 


15 




15 






l OEH 


OE Command Hold Time 


15 




15 






k)DS 


Output Disable Set up time 














tROH 


RAS Hold Time referenced to OE 


15 




15 






feSR 


CAS Set-Up Time for CAS Before RAS Cycle 


5 




5 






feHR 


CAS Hold Time for CAS Before RAS Cycle 


10 




15 






tRPC 


RAS Precharge to CAS Active Time 














l REF 


Refresh Period 




8 




8 


ms 




l WSR 


WB Set-Up Time 












ns 




l RWH 


WB Hold Time 


10 




15 






'fsr 


DSF Set-Up Time referenced to RAS 














l RFH 


DSF Hold Time referenced to RAS( 1 ) 


10 




15 






l FSC 


DSF Set-Up Time referenced to CAS 














tCFH 


DSF Hold Time referenced to CAS 


12 




15 






<MS 


Write-Per-Bit Mask Data Set-Up Time 














l MB 


Write-Per-Bit Mask Data Hold Time 


10 




15 








DT High Set-Up Time 














l THH 


DT High Hold Time 


10 




15 






l TLS 


DT Low Set-Up Time 














l TLH 


DT Low Hold Time 


10 


10000 


15 


10000 




tRTH 


DT Low Hold Time referenced to RAS 


60 


10000 


65 


10000 




l ATH 


DT Low Hold Time referenced to Column 
Address (Real Time Read Transfer) 


25 




25 








DT Low Hold Time referenced to CAS 
(Real Time Read Transfer) 


20 




20 






l TRP 


DT to RAS Precharge Time 


50 




60 






t XP 


DT Precharge Time 


15 




15 






tRSD 


RAS to First SC Delay Time (Read Transfer) 


70 




80 






l ASD 


Column Address to First SC Delay Time 
(Read Transfer) 


35 




40 






feSD 


CAS to First SC Delay Time (Read Transfer) 


20 




20 






l TSL 


Last SC to DT Lead Time (Real Time Read Transfer) 


5 




5 






l TSD 


DT to First SC Delay Time (Read Transfer) 


10 




15 






l SRS 


Last SC to RAS Set-Up Time (Serial Input) 


25 




30 






l SRD 


RAS to First SC Delay Time (Serial Input) 


20 




25 






l SDD 


RAS to Serial Input Delay Time 


45 




50 
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SYMBOL 


PARAMETER 


-70 


-80 


UNIT 


NOTE 


MIN. 


MAX. 


MIN. 


MAX. 


l SCC 


SC Cycle Time 


25 




30 








l sc 


SC Pulse Width (SC High Time) 


10 




10 








l SCP 


SC Precharge Time (SC Low Time) 


5 




10 








'SCA 


Access Time from SC 




20 




25 




10 


l SOH 


Serial Output Hold Time from SC 


5 




5 








'SDS 


Serial Input Set-Up Time 
















'SDH 


Serial Input Hold Time 


10 




15 








'sea 


Access Time from SE 




20 




25 




10 


'SE 


SE Pulse Width 


20 




25 








l SEP 


SE Precharge Time 


20 




' 25 








l SEZ 


Serial Output Buffer Turn-off Delay from SE 




15 




20 




11 


l SZE 


Serial to SE Delay Time 
















'szs 


Serial Input to First SC Delay Time 
















'sws 


Serial Write Enable Set-Up Time 
















l SWH 


Serial Write Enable Hold Time 


10 




15 








1 SW1S 


Serial Write Disable Set-Up Time 
















l SWIH 


Serial Write Disable Hold Time 


10 




10 








l STS 


Split Transfer Set-Up Time 


25 




30 








'STH 


Split Transfer Hold Time 


25 




30 




ns 




'SAAT 


Split Transfer SC Set-Up Time from RAS 


45 




55 






l SAA 


Split Transfer SC Hold Time from RAS 
















•SQD 


SC-QSF Delay Time 




20 




25 






l TQD 


DT-QSF Delay Time 




20 




25 






tCQD 


CAS-QSF Delay Time 




20 




25 






l RQD 


RAS-QSF Delay Time 




70 




80 






'rcdp 


RAS to CAS Delay Time (Pipeline mode) 


20 


40 


20 


45 






tcSHP 


CAS Hold Time (Pipeline mode) 


50 




55 








l RACP 


Access Time from RAS (Pipeline mode) 




90 




95 






tCACl 


Access Time from CAS (1) (Pipeline mode) 




20 




20 




10 


k:AC2 


Access Time From CAS (2) (Pipeline mode) 




50 




50 




10 


tCASP 


CAS Pulse Width (Pipeline mode) 


10 




10 








tCPP 


CAS Precharge Time Pipeline mode) 


10 




10 








*PCP 


Fast Page Mode Cycle Time (Pipeline mode) 


30 




30 








l RSHl 


RAS Hold Time (1) (Pipeline mode) 


20 




20 








l RSH2 


RAS Hold Time (2) (Pipeline mode) 


50 




50 








•CWLP 


Write Command to CAS lead Time (Pipeline mode) 


10 




10 








*CWP 


WE to CAS Delay Time (Pipeline mode) 


30 




30 








k)FFP 


Outoff Buffer Turn-off Delay from RAS (Pipeline mode) 





15 





15 




11, 17 






RAM Output Reference Level 


2.0V/0.8V 


SAM Output Reference Level 


2.0V/0.8V 


RAM Output Load 


1 TTL and 50PF 


SAM Output Load 


1 TTL and 30PF 
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NOTES: 

1 . Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to 
the device. 

2. All voltage are referenced to V ss . 

3. These parameters depend on cycle rate. 

4. These parameters depend on output loading. Specified values are obtained with the output open. 

5. Address can be changed once or less while RAS=V IL . In case of I CC4 , it can be changed once or less 
during a fast page mode cycle (t PC ). 

6. An initial pause of 200 [is is required after power-up followed by any 8 CAS before RAS initialisation 
cycles before proper device operation is achieved. 

7. AC measurements assume t T = 5ns. 

8. V IH 

(min.) an d ( max .) 316 reference levels for measuring timing of input signals. Also, transition times 
are measured between V IH and V IL . 

9. RAM port outputs are measured with a load equivalent to 1 TTL load and 50pF. 
D oux reference levels : V OH / V OL = 2.0V / 0.8V. 

10. SAM port outputs are measured with a load equivalent to 1 TTL load and 30pF. 
D oux reference levels : V OH / V OL = 2.0V / 0.8V. 

1 1 . t 0FF (max .), t OEZ (max ), t 0FFP (max.^wpz (max.)' %ez (max.)' and t SEZ (max .) define the time at which the 
outputs achieve the open circuit condition and are not referenced to output voltage levels. 

1 2. Either t RCH or t RRH must be satisfied for a read cycles. 

13. These parameters are referenced to CAS leading edge of early write cycles and to WB / WE leading 
edge in OE-controlled-write cycle and read-modify-write cycles. 

14- t W cS' t RWD , t CWD and t AWD are not restrictive operating parameters. They are included in the data sheet 
as electrical characteristics only. If t wcs > t wcs ( m i n .)' me cycle is an early write cycles and the data out 
pin will remain open circuit (high impedance) throughout the entire cycle; If t RWD > t RWD (min ), t CWD 
- 1 cwd (min.) an ^ 1 awd - r AWD (min.) tne cycle is a read-modify-write cycle and the data out will contain 
data read from the selected cell : If neither of the above sets of conditions is satisfied, the condition of 
the data out (at access time) is indeterminate. 

15. Operation within the t RCD ( ma x.) 1™^ insures that t RAC ( ma x.) can ^ e met - 

t RCD (max.) is specified as a reference point only : If t RCD is greater than the specified 
t RCD ( max ) limit, then access time is controlled by t CAC . 

16. Operation within the t RAD ( max ) limit insures that tj^c (max .) can be met. t RAD ( max .) is specified as a 
reference point only: If t^j^ is greater than the specified t RAD ( max .) limit, then access time is controlled 

by t AA . 

17. t OFF , t OFFP timing is specified from either RAS or CAS rising edge, whichever occurs last. 
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TIMING WAVEFORM 

READ CYCLE 




105 V, L _ 



A0~A8 V|L 



WB/WE ^ 



C-242 
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WRITE CYCLE (EARLY WRITE) 



RA5 



OS 



A0~A8 



BT/OT 



DSF1 



DSF2 




W1/I01 
~W8/I08 



OUT 



V h- 
Vql-" 



OPEN 



: "H" or "L" 



Mask Mode 


*1 


*2 


Cycle 


No Mask Mode 


1 


Don't care 


Normal Write 


New Mask Mode 





WM1 data 


Write per Bit 


Old Mask Mode 





Don't care 


Write per Bit 



WM1 data 
Don't care 



0: Write Disable 
1: Write Enable 
: Tor'O' 
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Mask Mode 


*1 


*2 


Cycle 


No Mask Mode 


1 


Don't care 


Normal Write 


New Mask Mode 





WM1 data 


Write per Bit 


Old Mask Mode 





Don't care 


Write per Bit 



WM1 data 0: Write Disable 

1: Write Enable 
Don't care : '1' or '0' 
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READ-MODIFY- WRITE CYCLE 



ra5 



caS 



Wl/WE ™ 



DSF1 



DSF2 



W1/I01 
-W8/I08 



OUT 




Vqh- 



Mask Mode 


*1 


*2 


Cycle 


No Mask Mode 


1 


Don't care 


Normal Write 


New Mask Mode 





WM1 data 


Write per Bit 


Old Mask Mode 





Don't care 


Write per Bit 



WM1 data 0: Write Disable 

1 : Write Enable 
Don't care : '1' or '0' 
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EXTENDED FAST PAGE MODE READ CYCLE 




C-246 



TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



TC528267 




Mask Mode 


*1 


*2 


Cycle 


No Mask Mode 


1 


Don't care 


Normal Write 


New Mask Mode 





WM1 data 


Write per Bit 


Old Mask Mode 





Don't care 


Write per Bit 



WM1 data 0: Write Disable 

1 : Write Enable 
Don't care : T or '0' 
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EXTENDED FAST 




W1/I01 
~W8/I08 



out 



Mask Mode 


*1 


*2 


Cycle 


No Mask Mode 


1 


Don't care 


Normal Write 


New Mask Mode 





WM1 data 


Write per Bit 


Old Mask Mode 





Don't care 


Write per Bit 



WM1 data 0: Write Disable 

1 : Write Enable 
Don't care : '1' or '0' 
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FLASH WRITE CYCLE 



Ra5 



Ca5 



A0~A8 



WB/WE 



DT/UE 



DSF1 



DSF2 



W1/I01 
~W8/I08 




OUT 



VoH~_ 
Vol- 



OPEN 



Mask Mode 


*1 


New Mask Mode 


WM1 data 


Old Mask Mode 


Don't care 


WM1 data 


0: Flash Write Disable 




1 : Flash Write Enable 


Don't care 


: 'O'or'l' 



"H" or "I" 
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BLOCK WRITE CYCLE (EARLY WRITE) 

tRC 




OUT 



Vol- 



*H* or "L" 



Mask Mode 


*1 


*2 


No Mask Mode 


1 


Don't care 


New Mask Mode 





WM1 data 


Old Mask Mode 





Don't care 



WM1 data 
Don't care 



0: Write Disable 
1 : Write Enable 
: '0' or '1' 



*3 COLUMN SELECT 

Wl/IOl - Column (A 1C =0, A oc =0 
W2/I02 - Column 1 (A 1C =0, A oc =l 
W3/I03 - Column 2 (A 1C =1 , A^O 
W4/I04 - Column 3 (A 1C =1, Ao C =l 



} 



Wn/IOn 

=0 : Disable 
=1 : Enable 
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BLOCK WRITE CYCLE (DELAYED WRITE) 



« X:: 




Mask Mode 


*1 


*2 


No Mask Mode 


1 


Don't care 


New Mask Mode 





WM1 data 


Old Mask Mode 





Don't care 



WM1 data 
Don't care 



0: Write Disable 
1 : Write Enable 
: 'O'or'l' 



*3 COLUMN SELECT 

Wl/IOl - Column (A 1C =0, A oc =0 
W2/I02 - Column 1 (A 1C =0, A oc =l 
W3/I03 - Column 2 (A 1C =1, A oc =0 
W4/I04 - Column 3 (A 1C =1, A oc =l 



} 



Wn/IOn 

=0 : Disable 
=1 : Enable 
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FAST PAGE MODE BLOCK WRITE CYCLE 



V|L - 



tCRP 



<35 



A0~A8 V "H 



BT/OT V 'H -f| 



Wff/WE v ih 



0SF1 V 'H 
Vil 



DSF2 V 'H 
Vil 



WW 101 V, H 
~W8/I08 V| L 



tRASP 



kSH 



tRCD 



tRAO 

'rah 



f tpc t I t tpc > I I t *R5H ^ 




H' or "L* 



Mask Mode 


*1 


*2 


No Mask Mode 


1 


Don't care 


New Mask Mode 





WM1 data 


Old Mask Mode 





Don't care 



WM1 data 



Don't care 



0: Write Disable 
1 : Write Enable 
: '0' or '1' 



*3 COLUMN SELECT 

Wl/IOl - Column (A 1C =0, A oc =0 
W2/I02 - Columnl (A 1C =0, A oc =l 
W3/I03 - Column 2 (A 1C =1, A oc =0 
W4/I04 - Column 3 (A^l, A oc =l 



} 



Wn/IOn 

=0 : Disable 
=1 : Enable 
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HIDDEN REFRESH CYCLE 
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*1 


*2 


Function 





Mask data 


Load Mask Register Cycle 


1 


Color data 


Load Color Register Cycle 
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*1 


*2 


Function 





Mask data 


Read Mask Register Cycle 


1 


Color data 


Read Color Register Cycle 
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PIPELINED FAST PAGE READ CYCLE 



Ra5 



C5 



V IH - 
VlL - 



tASR 



*RAH t A SC 



tCAH 



tASC 



, l .t™», ^- lECE- H » *«" »l 



kAH 



Use 
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PIPELINED FAST PAGE WRITE CYCLE 




Mask Mode 


*1 


*2 


Cycle 


No Mask Mode 


1 


Don't care 


Normal Write 


New Mask Mode 





WM1 data 


Write per Bit 


Old Mask Mode 





Don't care 


Write per Bit 



WM1 data 0: Write Disable 

1 : Write Enable 
Don't care : '1' or '0' 
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Mask Mode 


*1 


*2 


Cycle 


No Mask Mode 


1 


Don't care 


Normal Write 


New Mask Mode 





WM1 data 


Write per Bit 


Old Mask Mode 





Don't care 


Write per Bit 



WM1 data 0: Write Disable 

1 : Write Enable 
Don't care : '1' or '0' 
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Mask Mode 


*1 


*2 


Cycle 


No Mask Mode 


1 


Don't care 


Normal Write 


New Mask Mode 





WM1 data 


Write per Bit 


Old Mask Mode 





Don't care 


Write per Bit 



WM1 data 0: Write Disable 

1 : Write Enable 
Don't care : '1' or '0' 
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PIPELINED FAST PAGE WRITE-BLOCK WRITE CYCLE 



X 



j££E_ 



JL 



WS/WE 



Jfiilli. 




Mask Mode 


*1 


*2 


Cycle 


No Mask Mode 


1 


Don't care 


Normal Write 


New Mask Mode 





WM1 data 


Write per Bit 


Old Mask Mode 





Don't care 


Write per Bit 



WM1 data 
Don't care 



0: Write Disable 
1 : Write Enable 
: 'l'or'O' 
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REAL TIME READ TRANSFER CYCLE 




„,,„. V „ - \V VALID = V C VALID V VALID V VALID i V t VALID \/ 
v OL - A DATA-OUT ^ r DATA-OUT /\ DATA-OUT /\ DATA-OUT . r DATA-OUT A 



Previous Row Data 



QSF 



VOH" 

Vol ■ 



X 



New Row Data 



TAP MSB (A8) 



Note : ST = V, L 



: "H" or "L" 
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SPLIT READ TRANSFER CYCLE 



A0-A8 



VIL 




DT/OE V ( 1H 

VIL 



SI01 V, H - 510 
-SI08 V, L - (254) 



tSQD 



QSF 



V H ~ 

Vol - 



(255) X <^56) X("" 257) X(n" 258)) (— ^ (509) )C '(510) X (511) X 



(Boundary ] 
Location J 



Lower SAM ~ 255 



Upper SAM 256-511 



(Boundary j 
Location J 



Note : 5T = V, L 



( 
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Mask Mode 


*1 


New Mask Mode 


WM1 data 


Old Mask Mode 


Don't care 


WM1 data 


0: Transfer Disable 




1 : Transfer Enable 


Don't care 


: 'O'or'l' 
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MASKED WRITE TRANSFER CYCLE (Previous Transfer is Read Transfer Cycle) 



ra5 



US 



wb/WE 



dt/oT 



DSF1 



W1/I01 V 0H — 

~W8/I08 Vqi. 



SI01 
-SI08 



OUT 



QSF 




Mask Mode 


*1 


New Mask Mode 


WM1 data 


Old Mask Mode 


Don't care 


WM1 data 


0: Transfer Disable 




1 : Transfer Enable 


Don't care 


: '0' or'l' 
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MASKED SPLIT WRITE TRANSFER CYCLE 



A0~A8 



BT/fJE 



W1 /I01 Voh ~ r 
-W8/I08 V ou _ 



SI01 
-S108 




(n/256) <nV 2 S7) (n^k) A 4% (???) "tiP 




Vih -"silY n V n+1 Y, n+ -2 Y Y 253 V 254 Y 255 V" + 256V~ 

V«. -(255)^(n^256)A(n^2S7)A("*258)A A (509) A (510) A (511) ft < (n) A 



Lower SAM ~ 255 



C Boundary Note : 5T = V )L L Upper SAM 256 ~ 51 1 

^Location J 



(Boundary ) 
Location J 



: "H" or "L" 



Mask Mode 


*1 


New Mask Mode 


WM1 data 


Old Mask Mode 


Don't care 


WM1 data 


0: Transfer Disable 




1: Transfer Enable 


Don't care 


: '0' or '1' 
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SERIAL READ CYCLE (SE = V IL ) 




DT75T v.« -f| 
v 



sc 



sioi v 0H - y 

-SI08 V 0L /\_ 



VALID 
DATA-OUT 



K VALID 5 n c VAUD s n c VAUD s y e VALID 
DATA-OUT , ft r DATA-OUT , ft r DATA-OUT , ft r DATA-OUT -, ^ r D, 



VALID 
3ATA-OUT 



Note : ST = V| L 



SERIAL READ CYCLE (SE Controlled Outputs) 



ra5 



DT/OT 



SE 



SI01 
-SI08 




V 0H - V VALID -y C VALID = OPFN V^ " = V^ " 'V^ 

Vol - A DATA-OUT ft r DATA-OUT , i? UKbN ^> „ DATA-OUT . ft r DATA-OUT ^ ft fl, 



VAUD 
5ATA-OUT 



"H" or "L" 
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SERIAL WRITE CYCLE (SE = V IL ) 



K55 



BT/OT y ~H 



sc 




V| H 
VlL 



SI01 Vih 
~SI08 V| L 



VALID 
DATA-IN 



VALID 
DATA-IN 



VALID 
DATA-IN 



VALID 
DATA-IN 



Note : 5E« Vit 



* Sep . *l Sep . *tscp I V *l ^5cp1 . I Sep I Scp* 

;:*z 



VALID 
DATA-IN 



"H" or "L" 



SERIAL WRITE CYCLE (SE Controlled Inputs) 



105 



BT/OT 



SC 



5T 



SIOI 
~SI08 

1_ 




OUT 



VoH~_ 

V Q L_ 



OPEN 



PIN FUNCTION 
ADDRESS INPUTS : A ~A 8 

The 18 address bits are required to decode 8 bits of the 2,097,152 cell locations within the dynamic RAM 
memory array and they are multiplexed onto 9 address input pins (A ~A 8 ). Nine row address bits are latched on 
the falling edge of the row address strobe (RAS) and the following nine column address bits are latched on the 
falling edge of the column address strobe (CAS). 
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ROW ADDRESS STROBE : RAS 

A random access cycle or a data transfer cycle begins at the falling edge of RAS. RAS is the control input 
that latches the row address bits and the states of CAS, DT/OE, WE/WE, DSF1 and DSF2 to invoke the various 
random access and data transfer operating modes shown in Table 1 . RAS has minimum and maximum pulse 
widths and a minimum precharge requirement which must be maintained for proper device operation and data 
integrity. The RAM port is placed in standby mode when the RAS control is held "high". 

COLUMN ADDRESS STROBE : CAS 

CAS is the control input that latches the column address bits which are also used for the tap address during 
the transfer operations. The state of the special function input DSF1 is read at the CAS falling edge to select the 
block write mode or load register functions in conjunction with the RAS control. CAS before RAS refresh 
operations are selected if the signal is "low" at the RAS falling edge. 

DATA TRANSFER/OUTPUT ENABLE : DT/OE 

The DT/OE input is a multifunction pin. When DT/OE is "high" at the falling edge of RAS, RAM port 
operations are performed and DT/OE is used as an output enable control. If it is "low", a data transfer operation 
is activated between the RAM and the SAM. 
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WRITE PER BIT/WRITE ENABLE : WB/WE 

The WB/WE input is also a multifunction pin. When the signal is "high" at the falling edge of RAS, during 
the RAM port operations, it is used to write data into the memory array in the same manner as a standard DRAM. 
If the signal is "low" at the RAS falling edge, the write-per-bit function is enabled. The WB/WE input also 
determines the direction of data transfer between the RAM array and the SAM. 

WRITE MASK DATA/DATA INPUT AND OUTPUT: W x /IO^g/IOg 

Data is written into the RAM through Wj/IOj~W 8 /I0 8 pins during a write cycle. The input data is latched 
at the falling edge of either CAS or WB/WE, whichever occurs late. In a read cycle data is read out of the RAM 
on the Wj / IOj pins after the specified access times from RAS, CAS, DT/OE and column address. The 4 least 
bits are also used as the column address mask during a block write cycle. 

When the write-per-bit function is enabled, the mask data on the Wj/IO, pins is latched into the write mask 
register at the falling edge of RAS. In a load mask and color register cycles, the data on the Wj/IO; pins is stored 
into the write mask register and the color register respectively. 

SERIAL CLOCK : SC 

All operations of the SAM port are synchronized with the serial clock SC. Data is shifted in or out of the 
SAM registers at the rising edge of SC. The serial clock SC also increments the 9-bits serial pointer which is 
used to select the SAM address. The SC pin must be held at a constant V IH or V IL level during read and masked 
write transfer operations and should not be clocked while the SAM is in standby mode to prevent the SAM 
pointer from being incremented. 
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SERIAL ENABLE : SE 

The SE input is used to enable serial access operation. In a serial read cycle, SE is used as an output control. 
In a serial write cycle, SE is used as a write enable control. When SE is "high", serial access is disabled, 
however, the serial address pointer is still incremented while SC is clocked. 

SPECIAL FUNCTION CONTROL INPUT: DSF1, DSF2 

DSFl is latched at the falling edge of RAS and CAS to select the various TC528267 operations. If the 
signal is kept "low", the basical functions featured in conventional multi-port DRAM are enabled. To use the 
block write, the flash write and the load register functions or the split transfer operations, the DSFl signal needs 
to be controlled as shown in Table 1 . 

When the DSF2 signal is "high" at the falling edge of RAS, pipelined page mode operations are enabled. 
The pipeline mode is supported with the read, write and block write functions. 

SPECIAL FUNCTION OUTPUT: QSF 

QSF is an output signal which, during split register mode, indicates which half of the split SAM is being 
accessed. QSF "low" indicates that the lower split SAM (Bit 0~255) is being accessed and QSF "high" indicates 
that the upper split SAM (Bit 256-51 1) is being accessed. QSF is monitored so that after it toggles and after 
allowing for a delay of t STS , split read/write transfer operation can be performed on the non-active split SAM. 

SERIAL INPUT/OUTPUT : SlO^SIOg 

Serial input and serial output share common I/O pins. Serial input or output mode is determined by the 
most recent read or masked write transfer cycle. After a read cycle, the Sl/Oi pin is in the output mode. When a 
masked write transfer cycle is performed, the Sl/Oi is switched from output mode to input mode, 

OPERATION MODE 

The RAM port and data transfer operating of the TG528267 are determined by the state of CAS, DT/OE, 
WB/WE, DSFl and DSF2 at the falling edge of RAS and by the state of DSFl at the falling edge of CAS. The 
Table 1 shows the functional truth table for a listing of all available RAM port and transfer operations. 
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Table 1. Functional Truth Table 



RAS 1 


CAS ~\- 


Mnemonic Code 


Function 


CAS 


TYT/OF 


VV £>/ W J_f 


DSF1 




DSF1 


n 

yj 


* 


* 


n 


* 




CBR 


CBR Auto Refresh & Option Reset "' 2 -* 


n 
u 


* 




i 
i 


* 




CBRS 


PRR Antn Refresh Rr Stnn Remoter 2 ) 


o 


* 


1 


i 


* 




CBRN 


CBR Auto Refresh 




n 

u 




yj 


u 


* 


* 


MWT 


Write Transer (New/Old Mask)" 




n 

u 


n 
u 


1 


* 


* 


MSWT 


Snlit Write Transfer CNew/Old Mask"*" 


1 





1 





* 


* 


RT 


Read Transfer 


1 





1 


1 


* 


* 


SRT 


Split Read Transfer 


1 


1 














RWM 


Read Write (New/Old Mask) 1 ) 


1 


1 











1 


BWM 


Block Write (New/Old Mask)" 


1 


1 





1 


* 


* 


FWM 


Flash Write (New/Old Mask)" 


1 


1 


1 











RW 


Read Write with Extended Fast Page 
Mode (No Mask) 




\ 


1 


o 


ft 


1 


BW 


Rlnrk Write ("No Mask"! 




I 


o 


o 


\ 


o 


RWM(P) 


ppp3) R ea( j Write (New/Old Mask)" 




1 








1 


1 


BWM(P) 


ppp3) Block write (New/Old Mask)" 




1 


1 





1 





RW(P) 


PFP 3) Read Write (No Mask) 




1 


1 





1 


1 


BW(P) 


PFP 3) Block Write (No Mask) 




1 


1 


1 


* 





LMR 


Load (Old) Mask Register" 




1 


1 


1 


* 


1 


LCR 


Load Color Register 



Note: * =0 or 1, - = Not applicable 

1) After LMR operation, MWT, MSWT, RWM, BWM, FWM, RWM (P), BWM (P) use old mask. 
CBR operation resets the old mask mode to new mask 

mode. 

2) CBRS operation determines binary boundaries in the SAM. 
CBR operation resets the boundaries. 

3) PFP stands for pipelined fast page mode 

RAM PORT OPERATION 



1. READ WRITE FUNCTION : RW 

The TC528267 is equipped with the read write function which is identical to the conventional dynamic 
RAM's one and supports read, early write, OE controlled write and read-modify-write cycles as shown in the 
timing charts. Extended fast page and pipelined page modes are also available with the read write cycles by 
performing multiple CAS cycles during a single active RAS cycle, a page. 
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1.1 EXTENDED FAST PAGE MODE 

Extended fast page mode allows faster access to the memory in an actual system than the conventional fast 
page mode. An output data remains valid after the CAS signal goes high to prepare the next output data. Thus, 
the system has longer period to read the data from the RAM. Read, write and read-modify-write cycles are 
available during the extended fast page mode. 

2. WRITE-PER-BIT (MASKED WRITE) FUNCTION : RWM 

The write-per-bit (masked write) function selectively controls the internal write enable circuits of the 
RAM port. When WB/WE is held "low" at the falling edge of RAS, during the RWM cycle, the write mask is 
enabled. At the same time, the mask data on the Wi/IOi pins is latched into the write-mask register. The I/O 
mask data maintains in a single RAS cycle, a page (New Mask Mode). When a load mask register function 
(LMR) is performed, the write mask data on the Wi/IOi pins is latched into the write-mask register. After the 
LMR operation, the data at the falling edge of RAS during the RWM cycle is ignored and the I/O mask data that 
was stored in the write-mask register is used (Old Mask Mode) until the mode is reset by CBR operation. The 
truth table of the write-per-bit function is shown in Table 2. 

Table 2. Truth table for write-per-bit function 





At the falling edg 


e of RAS 


Write Mask Register 


Function 


CAS 


DT/OE 


WB/WE 


Wi/IOj (i=l~8) 








1 


<- 


Write Enable 


H 


H 


L 





<- 


Write Disable (New Mask) 




1 


Write Enable 








* 





Write Disable (Old Mask) 



Note: = 1 or , <- = The data on Wi/IOi is latched. 



3. BLOCK WRITE AND MASKED BLOCK WRITE : BW & BWM 

Block write is a special RAM port write operation which, in a page, allows for the data in the color register 
to be written into 4 consecutive column address locations starting from a selected column address in a selected 
row. The block write operation can be selectively disabled on an I/O basis and a column mask capability is also 
available. 
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A block write cycle is performed by holding CAS, DT/OE "high" and DSF1 "low" at the RAS falling edge 
and by holding DSF1 "high" at the CAS falling edge. If the DSF signal is "low" at the CAS falling edge, a read 
write operation will occur. Therefore, a combination of block write, read and write operations can be performed 
during a fast page mode cycle. The state of WB/WE input at the falling edge of RAS determines whether or not 
the I/O mask is enabled (WB/WE must be "low" to enable the I/O mask, BMW mode or "high" to disable it, 
BW mode). The I/O mask is provided on the Wi/IOi input at the RAS falling edge. After LMR operation, 
however, the old mask is used for the I/O mask function. The column mask data on the Wi/IOi input must be 
provided at the CAS or WB/WE falling edge whichever is late, while the seven most significant colunm address 
(A2C-A8C) are latched at the falling edge of CAS. 

An example of the block write function is shown in Figure 1 with a mask on W3/IO3, W4/IO4, Wg/IOg, 
Wg/I0 8 and column 1 . The block write is most effective for window clear and fill operation in frame buffer 
applications. 

Figure 1. Block Write Operation 




*1 *2 Mask Mode 



1 Don't Care No Mask Mode 



WM1 New Mask Mode 



Don't Care Old Mask Mode 



*3 COLUMN SELECT 

Wj/IOj - Column (A1C=0, AOC=0 
W 2 /I0 2 - Column 1 (A1C=0, A0C=1 
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W4/IO4 - Column 3 (A1C=1, A0C=1 
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4. FLASH WRITE : FWM 

Flash write is also a special RAM port operation which in a single RAS cycle, allows for the data in the 
color register to be written into all the memory locations of a selected row. Each bit of the color register 
corresponds to one of the DRAM I/O blocks and the flash write operation can be selectively controlled on an 1/ 
O basis in the same manner as the write-per-bit operation. 

A flash write cycle is performed by holding CAS "high", WB/WE "low" and DSF1 "high" at the falling 
edge of RAS. The mask data must also be provided on the Wi/IOi inputs in order to enable the flash write 
operation for selected I/O blocks. After a LMR operation, however, the old mask in the mask register is used for 
the I/O block masking. 

Flash write is most effective for fast plane clear operations in frame buffer applications. Selected planes 
can be cleared by performing 512 flash write cycle and by specifying a different row address location during 
each flash write cycle. Assuming a cycle time of 130ns, a plane clear operation can be completed in less than 
66.6 |xsec. 

Figure 2. Flash Write Operation 
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5. PIPELINED FAST PAGE MODE : RWM (P), BWM (P), RW (P), BW (P) 



Pipelined fast page mode allows much faster access to the memory than the conventional page mode. 
Read, write and block write cycles are available at the pipelined fast page mode timings. 

A pipelined fast page mode is performed by holding DSF2 "high" at the falling edge of RAS. A pipelined 
fast page read, write and block write operations can run at 30ns cycle time for 70ns version. Also, those mode 
can be selected every CAS cycle by the status of DT/OE, WB/WE and DSF1 pin. There are, however, penalties 
on the performance as follows : 

(1) Two CAS cycles are required for the read operation. The fast access, hence, takes longer than page 
mode. Also, one CAS cycle is needed to read out the data before the write cycle starts in the same page. 

(2) One dummy cycle is needed to complete the write and block write operation. The cycle is, thus, needed 
between the write and the read operation and is required before the page ends. 

A system designer needs to carefully estimate the system performances with the pipelined page mode and 
the conventional page mode in order to decide which mode should be used. 



The TC528267 has an on-chip 8 bit write-mask register which provides the I/O mask data during the 
masked functions such as the write-per-bit (RWM), masked block write (BWM), flash write (FWM) and write 
transfer (MWT, MSWT) functions. Each bit of the write-mask register corresponds to one of the DRAM I/O 
blocks. After the mask data is specified in the write-mask register by using the load mask register (LMR) cycle, 
the old mask mode is invoked during the masked functions. The I/O mask data in the write-mask register 
maintains until another LMR operation is performed during the old mask mode. The LMR cycle is initiated by 
holding CAS, DT/OE, WB/WE and DSF1 "high" at the falling edge of RAS and by DSF1 "low" at the falling 
edge of CAS. The data presented on the Wi/IOi lines are subsequently latched into the write-mask register at the 
falling edge of either CAS or WB/WE, whichever occurs later. The old mask mode is reset to the new mask 
mode by a CAS before RAS refresh cycle (CBR). During the LMR cycle, the memory calls of the row address 
which is latched at the falling edge of RAS are refreshed. 



6. LOAD (OLD) MASK REGISTER : LMR 



Figure 3. State Diagram of Mask Mode 



LMR Cycle 




CBR Cycle 
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7. LOAD COLOR REGISTER : LCR 

The TC528267 is provided with an on-chip 8-bits register (color register) for use during the block write or 
flash write function. Each bit of the color register corresponds to one of the DRAM I/O blocks. The load color 
register cycle is initiated by holding CAS, WB/WE, DT/OE and DSF1 "high" at the falling edge of RAS. The 
data presented on the Wi/IOi lines is subsequently latched into the color register at the falling edge of either CAS 
or WB/WE, whichever occurs later. During the load color register cycle, the memory cells on the row address 
latched at the falling edge of RAS are refreshed. 

8. REFRESH 

The data in the DRAM requires periodic refreshing to prevent data loss. Refreshing is accomplished by 
performing a memory cycle at each of 512 rows in the DRAM array within the specified 8 ms refresh period. 
The TC528267 supports the conventional dynamic RAM refresh operations such as RAS only refresh, CAS 
before RAS refresh and hidden refresh. 



8.1 CAS before RAS Refresh and Option Reset : CBR 

The CBR cycle reset the following functions, performing the CAS before RAS refresh operation at the 
same time. 

• To reset the old mask mode to the new mask mode for the masked functions. 

• To reset the stop register and remove the binary boundaries for the split SAM operation, 

The systems which implement neither the old mask mode nor the binary boundary in the SAM is 
recommended to use the CBR cycle for refresh operation. 
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8.2 CAS before RAS Refresh : CBRN 

The CBRN cycle performs only the CAS before RAS refresh operation. The systems which implement 
either the old mask mode or the binary boundary in the SAM usually use the CBRN cycle for refresh operation 
except for at the required stop register set or option reset cycles. The CBRN cycle must not be used during the 
initialization after power-up, 



8.3 CAS before RAS Refresh and Stop Register Set : CBRS 

The CBRS cycle sets the stop register to place binary boundaries in each falf SAM, performing the CAS 
before RAS refresh operation at the same time. The CBRS cycle is initiated by CAS holding "low" and by WB 
AVE and DSF1 "high" at the falling edge of RAS. At the same time the data on the address pins, A - A 8 is 
latched and the binary boundaries in each half SAM will be available when a split transfer operation is 
performed, 

Figure 4 . Stop Register and Binary Boundary Location 
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1111111 
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000000000 



S. These values are not allowed to be set. 



15, 31, 47, 63, 79, 95. 111. 127, 143, 
159, 175, 191, 207. 223, 239, 255, 271, 
287, 303, 319, 335, 351, 367, 383, 399, 
415, 431, 447, 463, 479, 495, 511 
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NOTE 



OE control of Extended Fast Page mode Read cycle 

When OE is toggled while CAS is "Low" level in fast page mode read cycle, the same data is valid on WI/ 
O. However, the data will not be valid when OE goes low with CAS high condition. The data will come out in 
following CAS cycle. Such a OE control have to satisfy t OEP (10ns min), t ECS (10ns min), t ECH (10ns min). 
Please refer following Figure. 



CSS 




WI/O 



< CA ) j CA > 



3 " CB 



DATA TRANSFER OPERATION 

The TC528267 features two types of internal bidirectional data transfer capability between the RAM and the 
SAM, as shown in Figure 5. During a normal transfer, 512 words by 8 bits of data can be loaded from RAM to 
SAM (Read Transfer) or from SAM to RAM (Write Transfer), During a split transfer, 256 words by 8 bits of 
data can be loaded from the lower / upper half of the RAM into the lower / upper half of the SAM (Split Read 
Transfer) or from the lower/upper half of the SAM into the lower/upper half of the RAM (Split Write Transfer). 
The normal transfer and split transfer modes are controlled by the DSF1 input signal 




512 columns 



256 columns 256 columns 



512x512x8 
Memory Celt Array 
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Figure 5. (a) Normal Transfer 



(b) Split Transfer 
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Table 3. shows the truth table of each Transfer Modes 



RAS ~\_ 


Mnemonic 
Code 


Transfer Mode 


Transfer 
Direction 


Transfer 
Bit 


SAM Port Mode 


CAS 


DT/OE 


WB/WE 


DFS1 


H 


L 


H 


L 


RT 


Read Transfer 


RAM -> SAM 


512x8 


Input — » Output 


H 


L 


L 


L 


WT 


Write Transfer (New/Old Mask) 


SAM -> RAM 


512x8 


Output —¥ Input 


H 


L 


H 


H 


SRT 


Split Read Transfer 


RAM -> SAM 


256x8 


Not changed 


H 


L 


L 


H 


SWT 


Split Write Transfer (New/Old Mask) 


SAM -> RAM 


256x8 


Not changed 



9. READ TRANSFER CYCLE : RT 

A read transfer consists of loading a selected row of data from the RAM array into the SAM register. A 
read transfer is invoked by holding CAS "high", DT/OE "low" WB/WE "high" and DSF1 "low" at the falling 
edge of RAS. The row address selected at the falling edge of RAS determines the RAM row to be transferred 
into the SAM. At the same time, the SAM port is set into the output mode. The start address of the serial pointer 
of the SAM (TAP address) is determined by the column address selected at the falling edge of CAS. By doing 
a tight timing control between the DT/OE rising edge and SC falling edge, a real time read transfer operation 
can also be performed. 

Figure 6 shows the operation block diagram for read transfer operation. 

Figure 6. Block Diagram for Read Transfer Operation 
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Memory Cell Array 



Selected Row 



In a read transfer cycle (which is preceded by a write transfer cycle), the SC clock must be held at a 
constant V IL or V IH , after the SC high time has been satisfied. A rising edge of the SC clock must not occur until 
after the specified delay t TSD from the rising edge of DT/OE and the falling edge of RAS and CAS , as shown 
in READ TRANSFER CYCLE timing chart. 
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10. WRITE TRANSFER CYCLE : WT 

A write transfer cycle consists of loading the content of the SAM register into a selected row of the RAM 
array. The write transfer is invoked by holding CAS "high", DT/OE "low", WB/WE "low", and DSF1 "low" at 
the falling edge of RAS. The row address selected at the falling edge of RAS determines the RAM row address 
into which the data will be transferred. The column address selected at the falling edge of CAS determines the 
start address of the serial pointer of the SAM (TAP address). After the write transfer is completed, the SIO lines 
are set in the input mode so that serial data synchronized with the SC clock can be loaded. 

The write transfer is selectively controlled per RAM I/O block by setting the mask data on the Wi/IOi lines 
at the falling edge of RAS (some as in the write-per-bit operation). Before the serial clock starts loading the data 
into the SAM through SIO pins, the write transfer operation with all I/O blocks disabled must be performed in 
order to change the SAM port from output. Please note that the conventional pseudo write transfer is not 
available in the TC528267. The mask function is switched between the new and old mask mode by the LMR 
and CBR cycle. 
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Figure 7. Block Diagram for Write Transfer Operation 

When consecutive write transfer operations are performed, new data must not be written into the serial 
register until the RAS cycle of the preceding write transfer is completed. Consequently, the SC clock must be 
held at a constant V IL or V IH during the RAS cycle. A rising edge of the SC clock is only allowed after the 
specified delay t SRD from the rising edge of RAS, at which time a new row of data can be written in the serial 
register. 
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11. SPLIT READ TRANSFER CYCLE : SRT 

A split read transfer consists of loading 256 words by 8 bits of data from a selected row of the half RAM 
array into the corresponding half SAM in stand-by mode. Serial data can be shifted out of the other half of the 
SAM in active mode simultaneously, as shown in Figure 8. The most significant column address (A8C) is 
controlled internally to determine which half of the SAM will be reloaded from the RAM array. During the split 
read transfer operation, the RAM port control signals do not have to be synchronized with the serial clock SC., 
thus eliminating the timing restrictions as in the case of real time read transfers. Prior to the execution of the 
split read transfer operation, a (normal) transfer operation must be performed to determine the absolute tap 
address location. QSF is an output that indicates which half of the SAM is in the active state. 

QSF changes state when the last SC clock is applied to the active SAM, as shown in Figure 9. 
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Figure 8. Split Read Transfer 
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Figure 9. Example of Consecutive Read Transfer Operations 
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12. SPLIT WRITE TRANSFER : MSWT 

A split write transfer is the similar function to the split read transfer. The difference is that the transfer 
direction is from the stand-by half SAM into a selected row of the corresponding half RAM array. Also, serial 
data can be shifted into the other half of the SAM simultaneously, as shown in Figure 10. New and old mask 
capability is supported in the MSWT cycle as is in the write transfer operation. Prior to the execution of the split 
write transfer operation, a write transfer operation, in which all I/O blocks are usually disabled, must precede to 
switch the SAM port from output mode to input mode and to set the initial TAP location for the serial input 
operation. 
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Figure 10. Block Diagram for Split Write Transfer 




Figure 11. Example of Consecutive Write Transfer Operations 
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NOTES 



(1) Transfer operation without CAS. 

The SAM tap location is undefined if CAS is maintained at a constant "high" level during a transfer 
cycle. A transfer cycle with CAS held "high" is, hence, not allowed. 



(35 
Address 



f 



Not 

Allowed 



Row 



(2) In the case of multiple split transfers performed into the same half SAM, the tap location specified 
during the last split transfer, before QSF toggles, will prevail, as shown below. 
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_ Multiple Split transfer into upper SAM 
Serial access of lower SAM 



Serial access of upper SAM 

starting at Tap N location 



(3) Split transfer operation allowable period. 

Figure 12 illustrates the relationship between the serial clock SC and the special function output QSF 
during split read / write transfers and highlights the time periods where split transfers are allowed, 
relative to SC and QSF. A split transfer is not allowed during to t STH + t STS . In the case that the CBRS 
operation is executed and the binary boundary in each half SAM is set or updated, an additional period 
is applied, as shown in Figure 12. 



Last 
Clock 



First 
Clock 




Figure 12. Split Transfer Operation Allowable Periods 

The stop register and binary boundary are explained in the CBRS operation and the SAM port 
operation. 
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(4) A normal transfer (read/write) may be performed following split transfer operation provided that a t STS 
minimun delay is satisfied after the QSF signal toggles. 



QSF 



Split Transfer- 



.Normal Transfer Operation Allowed 



(5) Binary-Boundary SET/RESET Cycle Timing. 

When the address counter of serial-access-memory (SAM) pointed as the last address of each boundary 
address. (15, 31, 47, 63, 79, 95, 111, 127, 143, 159, 175, 191, 207, 223, 239, 255, 271, 287, 303, 319, 
335, 35 1 , 367, 383, 399, 415, 431 , 447, 463, 479, 495, 511), the boundary-set or change by CBRS-cycle 
or the boundary-reset by CBR-cycle may cause the unexpected operation of SAM counter or QSF 
status. 

If the system design with these timing is required. Please contact to our local sales office. 



SAM PORT OPERATION 

The TC528267 is provided with 512 words by 8 bits serial access memory (SAM) which can be operated 
in the single register mode or the split register mode. High speed serial read or write operations can be performed 
through the SAM port independent of the RAM port operation. 

13. SINGLE REGISTER SERIAL READ OPERATION 

Serial data can be read out of the SAM port after a read transfer has been performed. The read transfer 
operation changes the SAM port to the output mode. At every rising edge of the serial clock, the data is read out 
sequentially starting from the selected tap location to the most significant bit and then wraps around to the least 
significant bit, as illustrated below. Subsequent real-time read transfer may be performed on-the-fly as many 
times as desired. 

Start address : Tap location 
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*- 






509 


510 


511 













14. SINGLE REGISTER SERIAL WRITE OPERATION 

During the serial write operation, the data is written into the SAM at every rising edge of the serial clock. 
A write transfer cycle, at which all I/Os are usually masked, must be performed to change the SAM port to the 
input mode. The tap location, which is the start address of the serial write, is set by the column address at the 
falling edge of CAS. After the data is filled in the SAM, the serial clock must stop toggling and a write transfer 
cycle is subsequently used to load the SAM data into the RAM selected by the row address at the falling edge 
of RAS. The tap address is set during the same cycle for the next serial write opration. 
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15. SPLIT REGISTER MODE 

The split register mode realizes continuous serial read or write operation. The data can be shifted into or 
out of one half of the SAM while a split read or write transfer is being performed on the other half of the SAM. 
Thus, the tight timing control at a real time read operation is eliminated with the split read operation. A normal 
read / write transfer operation must precede any split read/write transfer operation in order to set the SAM port 
into output mode or input mode, as the split read or write transfer operations will not change the SAM port mode. 
Also, a CAS before RAS refresh and stop register set cycle (CBRS) can be performed to specify the binary 
boundaries in the SAM. 

In the split register mode, serial data can be read from or written into one of the split registers starting from 
any of the 256 tap locations. The data is read or written sequentially from the tap location to the most significant 
bit (255 or 5 1 1) of the first split SAM and then the SAM pointer moves to the tap location selected for the second 
split SAM to read or write the data sequentially to the most significant bit (255 or 51 1) and finally wraps around 
to the least significant bit, as illustrated in the example below. 



Tap location Tap location 

L.ASRT is executed J L No SRT is executed 
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12 255 
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511 



16. SPLIT REGISTER MODE WITH BINARY BOUNDARY 

After a CBRS cycle is performed, the binary boundary, which is stated in 8.3. CAS before RAS refresh 
and stop register set, is set when a SRT cycle is performed. The serial data is read from or written into one half 
of the SAM starting the tap location to the next binary boundary, while another SRT cycle is performed. Then, 
the SAM pointer moves to the tap location in the other half SAM and the data is read from or written into the 
half SAM sequentially. If any SRT operation is not performed before the next boundary, the SAM pointer does 
not jump to the other half SAM, as illustrated in Figure 12. 
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Figure 12. Operation of Split Register Mode with Binary Boundary 

The binary boundary is reset by a CBR cycle and the SAM operation mode returns to the normal split 
register mode, as shown in Figure 13. 

Fig. 14 shows the relation between CBR and SC on binary-boundary-reset. When Nth SC clock accesses 
old binary address is reset and (N + l)th SC clock accesses old boundary address (old stop address) + 1 on the 
same split SAM, not jump to TAP address. 
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Figure 13. Binary Boundary Reset 
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Figure 14. CBR and SC relation of binary-boundary-reset 

In an actual system which uses the binary boundary a CBRS cycle is executed to determine a type of the 
boundary location. Then, a normal RT transfers a row of data into the SAM and set the initial tap location at the 
same time. An SRT cycle follows it before the SAM pointer reaches to the boundary location. The SRT cycle 
makes the binary boundary jump effective, as illustrated in Figure 15. 




JTJl---fLFLTL 

TAPl Boundary ^TAPZ 
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Figure 15. Binary Boundary Jump Set Sequence 

There are additional timing specifications, t TSAA and t SAAT to determine the period that does not allow a 
split transfer, as illustrated in Figure 16. 
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Figure 16. Timing Specification to allow SRT operation 

POWER-UP 

Power must be applied to the RAS and DT/OE input signals to pull them "high" before or at the same time 
as the V cc supply is turned on. After power-up, a pause of 200 (iseconds minimum is required with RAS and 
DT/OE held "high". After the pause, a minimum of 8 CBR dummy cycles must be performed to stabilize the 
internal circuitry, before valid read, write or transfer operations can begin. During the initialization period, the 
DT/OE signal must be held "high". 

INITIAL STATE AFTER POWER-UP 

When power is achieved with RAS, CAS, DT/OE and WB/WE held "high", the internal state of the 
TC528267 is automatically set as follows. 

However, the initial state can not be guaranteed for various power-up conditions and input signal levels. 
Therefore, it is recommended that the initial state be set after the initialization of the device is performed (200 
(iseconds pause followed by a minimum of 8 CBR cycles) and before valid operations begin. 
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DSHIBA 



TC524162 
TC524165 



target spec 



SILICON GATE CMOS 

262,144 WORDS x 16 BITS MULTIPORT DRAM 

DESCRIPTION 

The TC524162/165 is a 4M bit CMOS multiport memory equipped with a 262, 144- words by 16-bits 
dynamic random access memory (RAM) port and a 512-words by 16-bits static serial access memory (SAM) 
port. The TC524162/165 supports three types of operations; Random access to and from the RAM port, high 
speed serial access to and from the SAM port and transfer of data between any selected row in the RAM to the 
SAM. To realize a high performance graphic frame buffer system the TC524162/165 features various special 
operations such as the write-per-bit, the pipelined page mode, the block write and flash write function on the 
RAM port and the read transfer operations from the RAM to the SAM port. In addition, extended fast page mode 
is available where an output data remains valid during the CAS is high (TC524165 only). The TC524162/165 
is fabricated using Toshiba's CMOS silicon gate process as well as advanced circuit designs to provide low 
power dissipation and wide operating margins. 



FEATURES 

• Single power supply of 5V± 10% with a built-in 
V BB generator 

• All inputs and outputs : TTL Compatible 

• Organization 

RAM Port : 262,144wordsX 1 6bits 
SAM Port : 512wordsX 1 6bits 

• RAM Port 

Fast Page Mode (TC524160/162), Extended 
Fast Page Mode (TC524165), Read - Modify - 
Write, Pipelined Fast Page Mode, CAS before 
RAS Auto Refresh, Hidden Refresh, RAS only 
Refresh, Write per Bit (New/Old Mask Mode), 
Masked Flash Write (New/Old Mask Mode), 
Block Write, Masked Block Write (New/Old 
Mask Mode), Load Mask Register/Color 
Register Cycle, 512 refresh cycles / 8ms 

• SAM Port 

Addressable TAP Capability 
Stop Address (Binary Boundary) Capability 
Fully Static Register, Single Register/Split 
Register Mode Capability 

• RAM - SAM Transfer 

Read / Real Time Read Transfer 
Split Read Transfer 

• Package 

TC524162/165SF : SSOP64-P-525 
TC524162/165FT: TSOP70-P-400 
TC524162/165TR: TSOP70-P-400A 



KEY PARAMETERS 



ITEM 




60 


70 


l RAC 


RAS Access Time 
(Max.) 


60ns 


70ns 


tCAC 


CAS Access Time 
(Max.) 


15ns 


20ns 


l AA 


Column Address Access 
Time (Max.) 


30ns 


35ns 


*RC 


Cycle Time (Min.) 


115ns 


130ns 


tpc 


Page Mode Cycle Time 
(Min.) 


35ns 


40ns 


l SCA 


Serial Access Time 
(Max.) 


15ns 


20ns 


tscc 


Serial Cycle Time (Min.) 


18ns 


23ns 


tRACP 


1 rac m Pipelined Fast 
Page 


85ns 


90ns 


tCACl 


t CAC in Pipelined Fast 
Page 


15ns 


20ns 


tpcp 


Pipelined Fast Page 
Mode Cycle Time 


30ns 


30ns 


^CCl 


RAM Operating Current 
(SAM : Standby) 


110mA 


100mA 


IcC2A 


SAM Operating Current 
(RAM : Standby) 


60mA 


60mA 


!cc2 


Standby Current 


10mA 


10mA 
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I 



PIN NAME 



A0-A8 


Address inputs 


RAS 


Row Address Strobe 


CAS 


Column Address Strobe 


DT/OE 


Data Transfer/Output Enable 


WEL/WEU 


Write per Bit/Write Enable 


DSF1 


Special Function Control 


DSF2 




W1/I01-W1/I016 


Write Mask/Data IN, OUT 


SC 


Serial Clock 


SE 


Serial Enable 


S01-S016 


Serial/Output 


QSF 


Special Flag Output 


Vcc/Vss 


Power(5V)/Ground 


N.C. 


No Connection 



PIN CONNECTION (TOP VIEW) 



vcc C 


1 


64 


Isc 


T5T70T C 


2 


63 


USE 


vss C 


3 


62 


Dvss 


soi C 


4 


61 


□ S016 


wi/oi C 


5 


60 


□ wi/016 


S02 C 


6 


59 


□ S015 


WI/02 C 


7 


58 


□ WI/OIS 


vcc C 


8 


57 


□ vcc 


S03 C 


9 


56 


□ sou 


WI/03 C 


10 


55 


□wi/ou 


S04 C 


11 


54 


□ S013 


WI/04 C 


12 


53 


□ WI/013 


VSS C 


13 


52 


□ Vss 


S05 C 


14 


51 


□ S012 


WI/05 C 


IS 


50 


□ WI/012 


S06 C 


16 


49 


□sou 


WI/06 C 


17 


48 


□wvoii 


VCC C 


18 


47 


□ vcc 


S07 C 


19 


46 


□soio 


WI/07 C 


20 


45 


□wi/oio 


S08 C 


21 


44 


□ S09 


WI/08 C 


22 


43 


□ wi/09 


VSS C 


23 


42 


□ Vss 


WEC C 


24 


41 


□ dsfi 


WEu C 


25 


40 


□ DSF2 


Ra5 C 


26 


39 


□ ca5 


A8 C 


27 


38 


□ qsf 


A7 C 


28 


37 


□ ao 


A6 C 


29 


36 


□ ai 


A5 C 


30 


35 


□ A2 


A4 C 


31 


34 


□ A3 


VCC C 


32 


33 


□ vss 



525mil TSOP/SSOP (0.8mm pitch) 
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BLOCK DIAGRAM 



W1 /I01~W16/I016 
? ? ? ?■■■? ? ? ? 



OUTPUT BUFFER 



z 



INPUT BUFFER 



[</> |</i V'L. UU.IL 

k |u la l> 1 ^ Q O «i |wn 
????????? 



TIMING GENERATOR 



S01-S016 
????■■???? 



SERIAL OUTPUT 

BUFFER 




BLOCK . 
WRITE IN 
CONTROL 



\7\7\ 





FLASH 
WRITE 
CONTROL 




u 




COLOR 
REGISTER 
Upper(8bit) 



COLOR 
REGISTER 
Lower(8bit) 



WRITE 


WRITE-PER 


CONTROL 


BIT 



WM1 
REGISTER N | 
Upper(8bit) 



WM1 
REGISTER 
Lower(8bit) 




{>-°QSF 



Vcc V SS 



TnrmTT 

A0-A8 
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ABSOLUTE MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


NOTE 


V IN> V OUt 


Input Output Voltage 


— 1.0-7.0 


V 


1 


V C c 


Power Supply Voltage 


— 1 .0-7.0 


V 


1 


T OPR 


Operating Temperature 


0-70 


°c 




T STG 


Storage Temperature 


— 55-150 


°c 




T SOLDER 


Soldering Temperature • Time 


260*10 


°C»sec 




P D 


Power Dissipation 


1 


W 




Iqut 


Short Circuit Output Current 


50 


mA 





RECOMMENDED D.C. OPERATING CONDITIONS (Ta = 0~70°C) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


NOTE 


V CC 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


2 


Vffl 


Input High Voltage 


2.4 




Vcc + 0.3 


V 


2 


V, L 


Input Low Voltage 


-0.5* 




0.8 


V 


2 



+: -IV 20ns Pulse width 



CAPACITANCE (V cc = 5V, f = 1MHz, Ta = 25°C) 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNIT 


C 

I 


Input Capacitance 




7 


pF 


C 

IO 


Input/Output Capacitance 




9 


Co 


Output Capacitance (QSF) 




9 



Note: This parameter is periodically sampled and is not 100% tested. 
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D.C. ELECTRICAL CHARACTERISTICS (V cc = 5V + 10%, Ta = 0~70°C) 



ITEM (RAM PORT) 


SAM PORT 


SYMBOL 


- 


60 


-70 


UNIT 


NOTE 


MIN. 


MAX. 


MIN. 


MAX. 


OPERATING CURRENT 
/RAS,CASCycling\ 

\tRC = tRC min - / 


Standby 


'CCI 




110 




100 




3,4,5 


Active 






160 




150 




3,4,5 


STANDBY CURRENT 
(RAS, CAS - V IH ) 


Standby 


l CC2 




10 




10 






Active 


!CC2A 




60 




60 






RAS ONLY REFRESH CURRENT 
/RAS Cycling, CAS - V IH \ 
I r RC = l RC min - J 


Standby 


!CC3 




110 




100 




3 


Active 


!CC3A 




160 




150 




3 


PAGE MODE CURRENT 

/ RAS - V IL , CAS Cycling \ 
\ t PC = t PC min - / 


Standby 


!CC4 




100 




90 




3,4,5 


Active 


!CC4A 




150 




140 


mA 


3, 4,5 


CAS BEFORE RAS REFRESH CURRENT 
/ RAS Cycling, CAS Before RAS\ 
\ l RC = l RC min - / 


Standby 


^CS 




110 




100 


3 


Active 


!CC5A 




160 




150 




3 


DATA TRANSFER CURRENT 
/RAS,CASCycling\ 
\ t RC = tRC min - / 


Standby 


!CC6 




130 




120 




3,4,5 


Active 


!CC6A 




180 




170 




3,4,5 


FLASH WRITE CURRENT 
/ RAS, CAS Cycling \ 
^ t RC = t RC min - ) 


Standby 


T CC7 




110 




100 




3, 4,5 


Active 


l CC7A 




160 




150 




3,4,5 


BLOCK WRITE CURRENT 
/RAS,CASCycling\ 
\tRC = tRC min - ) 


Standby 


!CC8 




120 




110 




3, 4,5 


Active 


^CSA 




170 




160 




3,4,5 



ITEM 


SYMBOL 


MIN. 


MAX 


UNIT 


NOTE 


INPUT LEAKAGE CURRENT 

0V < V IN < 6.5V, All other pins not under test = 0V 


h(L) 


—10 


10 


iiA 




OUTPUT LEAKAGE CURRENT 

0V < V OUT < 5.5V, Output Disable 


k>(L) 


—10 


10 


HA 




OUTPUT "H" LEVEL VOLTAGE 
!0UT = ( - lmA 


V OH 


2.4 




V 




OUTPUT "L" LEVEL VOLTAGE 
Iqut = ( 2.1mA 


Vol 




0.4 


V 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS (V cc = 5V + 10%, Ta = 0~70°C)(Notes: 6, 7, 8) 



SYMBOL 


PARAMETER 


-60 


-70 


UNIT 


NOTE 


MIN. 


MAX. 


MIN. 


MAX. 




Random Read or Write Cycle Time 


115 




130 








^RMW 


Read-Modify- Write Cycle Time 


140 




180 










Fast Page Mode Cycle Time 


35 




40 








^"PRMW 


Fast Page Mode Read-Modify-Write CycleTime 


85 




85 










Access Time from RAS 




60 




70 




13 




Access Time from Column Address 




30 




35 




13 


tCAC 


Access Time from CAS 




15 




20 




14 





Access Time from CAS Precharge 




30 




35 




14 


tCLZ 


CAS to Output in Low-Z 
















tOFF 


Output Buffer Turn-Off Delay 





15 





15 




9, 15 


t x 


Transition Time (Rise and Fall) 


3 


50 


3 


50 




8 




RAS Precharge Time 


45 




50 








tRAS 


RAS Pulse Width 


60 


100000 


70 


100000 






tRASP 


RAS Pulse Width (Fast Page Mode Only) 


60 


100000 


70 


100000 






tRSH 


RAS Hold Time 


20 




20 








t C SH 


CAS Hold Time 


60 




70 








— 


CAS Pulse Width 


15 


10000 


20 


10000 






— 


RAS to CAS Delay Time 


20 


40 


20 


50 




13 




RAS to Column Address Delay Time 


15 


30 


15 


35 




13 


tRAL 


Column Address to RAS Lead Time 


30 




35 








— 


CAS to RAS Precharge Time 


5 




5 




ns 




— 


CAS Precharge Time 


10 




10 









CAS Precharge Time (Fast Page Mode) 


10 




10 








tASR 


Row Address Set-Up Time 
















tRAH 


Row Address Hold Time 


10 




10 








^asc 


Column Address Set-Up Time 



















Column Address Hold Time 


10 




10 








"tR^T — 


Read Command Set-Up Time 







o 








tRCH 


Read Command Hold Time 














10 


tRRH 


Read Command Hold Time referenced to RAS 







o 






10 


"w~ — 


Write Command Hold Time 


10 




10 








"t^T 


Write Command Pulse Width 


10 




10 











Write Command Pulse Width 


10 




10 






9 


tWEZ 


Write Command Output Buffer Turn-Off Delay 




10 




15 




9 


tRWL 


Write Command to RAS Lead Time 


20 




20 








tCWL 


Write Command to CAS Lead Time 


20 




20 








l DS 


Data Set-Up Time 














11 


l DH 


Data Hold Time 


10 




10 






11 


l WCS 


Write Command Set-Up Time 














12 


l RWD 


RAS to WE Delay Time 


80 




90 






12 


l AWD 


Column Address to WE Delay Time 


50 




55 






12 


tcWD 


CAS to WE Delay Time 


40 




40 






12 
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SYMBOL 


PARAMETER 


-60 


-70 


UNIT 


NOTE 


MIN. 


MAX 


MIN. 


MAX. 


( DZC 


Data to CAS Delay Time 












ns 




tDZO 


Data to OE Delay Time 














k>EA 


Access Time from OE 




15 




20 




k>EZ 


Output Buffer Turn-off Delay from OE 




15 




15 


9 


l OED 


OE to Data Delay Time 


10 




10 






tOEH 


OE Command Hold Time 


10 




10 






k>DS 


Output Disable Set up time 














l ROH 


RAS Hold Time referenced to OE 


15 




15 






tcSR 


CAS Set-Up Time for CAS Before RAS Cycle 


5 




5 






l CHR 


CAS Hold Time for CAS Before RAS Cycle 


15 




15 






l RPC 


RAS Precharge to CAS Active Time 














l REF 


Refresh Period 




8 




8 


ms 




l WSR 


WB Set-Up Time 












ns 




l RWH 


WB Hold Time 


10 




10 






l FSR 


DSF Set-Up Time referenced to RAS 














£ RFH 


DSF Hold Time referenced to RAS ( 1 ) 


10 




10 






l FSC 


DSF Set-Up Time referenced to CAS 














tCFH 


DSF Hold Time referenced to CAS 


10 




10 






l MS 


Write-Per-Bit Mask Data Set-Up Time 














( MH 


Write-Per-Bit Mask Data Hold Time 






1U 






l THS 


DT High Set-Up Time 














l THH 


DT High Hold Time 


10 




10 






l TLS 


DT Low Set-Up Time 














'tlh 


DT Low Hold Time 


10 


10000 


10 


10000 




l RTH 


DT Low Hold Time referenced to RAS 
(Real Time Read Transfer) 


55 


10000 


60 


10000 




l ATH 


DT Low Hold Time referenced to Column 
Address (Real Time Read Transfer) 


25 




25 






tCTH 


DT Low Hold Time referenced to CAS 
(Real Time Read Transfer) 


20 




20 






tTRP 


DT to RAS Precharge Time 


45 




50 






t TP 


DT Precharge Time 


10 




15 






l RSD 


RAS to First SC Delay Time (Read Transfer) 


60 




70 






l ASD 


Column Address to First SC Delay Time (Read Transfer) 


30 




35 






l CSD 


CAS to First SC Delay Time (Read Transfer) 


20 




20 






l TSL 


Last SC to DT Lead Time (Real Time Read Transfer) 


5 




5 






l TSD 


DT to First SC Delay Time (Read Transfer) 


10 




10 






l SRS 


Last SC to RAS Set-Up Time (Serial Input) 


18 




23 






l SRD 


RAS to First SC Delay Time (Serial Input) 


15 




20 






l SDD 


RAS to Serial Input Delay Time 


40 




45 






l SCC 


SC Cycle Time 


18 




23 
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SYMBOL 


PARAMETER 


-60 




70 


UNIT 


NOTE 


MIN. 


MAX. 


MIN. 


MAX. 


'sc 


SC Pulse Width (SC High Time) 


5 




10 








l SCP 


SC Precharge Time (SC Low Time) 


5 




5 








l SCA 


Access Time from SC 




15 




20 






l SOH 


Serial Output Hold Time from SC 


5 




5 








l SDS 


Serial Input Set-Up Time 
















l SDH 


Serial Input Hold Time 


10 




10 








l SEA 


Access Time from SE 




15 




20 






l SE 


SE Pulse Width 


10 




20 








l SEP 


SE Precharge Time 


10 




20 








l SEZ 


Serial Output Buffer Turn-off Delay fromSE 




15 




15 




9 


tSZE 


Serial Input to SE Delay Time 
















l SZS 


Serial Input to First SC Delay Time 
















l SWS 


Serial Write Enable Set-Up Time 
















tSWH 


Serial Write Enable Hold Time 


10 




10 








l SWIS 


Serial Write Disable Set-Up Time 
















l SWIH 


Serial Write Disable Hold Time 


10 




10 








l STS 


Split Transfer Set-Up Time 


18 




23 








l STH 


Split Transfer Hold Time 


18 




23 








l SQD 


SC-QSF Delay Time 




15 




20 






l TQD 


DT-QSF Delay Time 




15 




20 






l CQD 


CAS-QSF Delay Time 




15 




20 


ns 




l RQD 


RAS-QSF Delay Time 




60 




70 






l RCDP 


RAS to CAS Delay Time (Pipeline mode) 


20 


35 


20 


40 






tCSHP 


CAS Hold Time (Pipeline mode) 


45 




50 








l RACP 


Access Time from RAS (Pipeline mode) 




85 




90 






tCACl 


Access Time from CAS (1) (Pipeline mode) 




15 




20 






tCAC2 


Access Time From CAS (2) (Pipeline mode) 




50 




50 






tCASP 


CAS Pulse Width (Pipeline mode) 


10 




10 








tCPP 


CAS Precharge Time Pipeline mode) 


10 




10 








tpcp 


Fast Page Mode Cycle Time (Pipeline mode) 


30 




30 








tCOH 


CAS Hold Time referenced to OE (Pipeline mode) 


5 




5 








l RSHl 


RAS Hold Time (1) (Pipeline mode) 


20 




20 








l RSH2 


RAS Hold Time (2) (Pipeline mode) 


50 




50 








tcWLP 


Write Command to CAS lead Time (Pipeline mode) 


10 




10 








tcwp 


WE to CAS Delay Time (Pipeline mode) 


30 




30 








tOFFP 


Outoff Buffer Turn-off Delay from RAS (Pipeline mode) 





15 





15 




9, 15 


tOEP 


OE High width 


10 




10 






16 


l ECS 


CAS High to OE Low (Fast Page mode) 


10 




10 






16 


l ECH 


OE High to CAS Low (Fast Page mode) 


10 




10 






16 


l TSAA 


Boundary TAP SC Set-up time 
















l SATT 


SRT inhibit after Boundary SC 


36 




46 
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A.C. MEASUREMENT CONDITION 



RAM Output Reference Level 


2.0V/0.8V 


SAM Output Reference Level 


2.0V/0.8V 


RAM Output Load 


1TTL and 50PF 


SAM Output Load 


1TTL and 50PF 


Input Reference Level 


2.2V/1.0V 



NOTES: 

1 . Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to 
the device. 

2. All voltage are referenced to V ss . 

3. These parameters depend on cycle rate. 

4. These parameters depend on output loading. Specified values are obtained with the output open. (I 
out=0mA) 

5. Address can be changed once or less while RAS=Vj L . In case of I CC4 , it can be changed once or less 
during a fast page mode cycle (t PC ). 

6. An initial pause of 200(is is required after power-up followed by any 8 RAS cycles (DT/OE "high") and 
any 8 SC cycles before proper device operation is achieved. In case of using internal refresh counter, a 
minimum of 8 CAS before RAS initialization cycles instead of 8 RAS cycles are required. 

7. AC measurements assume t x = 5ns. (Between V IH (min ) and V IL ( maX )) 

8. V IH (min and V IL (max ■> are reference levels for measuring timing of input signals. Also, transition times 
are measured between V IH and V IL . 

9 - l OFF (max.)' k)EZ (max.)' toFFP (max.^WPZ (max.)' tWEZ (max.)' m ^ l SEZ (max.) define the time at which the 

outputs achieve the open circuit condition and are not referenced to output voltage levels. 

10. Either t RCH or t^n must be satisfied for a read cycles. 

1 1 . These parameters are referenced to CAS leading edge of early write cycles and to WEU / WEL leading 
edge in OE-controlled write cycle and read-modify- write cycles. 

12. t W cs> t RWD , t CWD and t AWD are not restrictive operating parameters. They are included in the data sheet 
as electrical characteristics only. If t wcs ^t wcs ( m j n .), the cycle is an early write cycles and the data out 
pin will remain open circuit (high impedance) throughout the entire cycle; If Irwd— ^rwd (min.)> 1 cwd- 
t CW D (min.) m & 1 awd- Uwd (min.) tne cycle is a read-modify- write cycle and the data out will contain 
data read from the selected cell : If neither of the above sets of conditions is satisfied, the condition of 
the data out (at access time) is indeterminate. 

13. Operation within the tRCD (max ) limit insures that t^c (max j can be met. 

t RCD (max ) is specified as a reference point only : If t RCD is greater than the specified 
t RCD ( max ) limit, then access time is controlled by t CAC . 

14. Operation within the tj^rj (max limit insures that tj^c ( max j can be met. t RAD ( max ) is specified as a 
reference point only: If t^pj is greater than the specified t RAD ( max limit, then access time is controlled 
by t AA - 

15. t OFF , t OFFP timing is specified from either RAS or CAS rising edge, whichever occurs last. 

16. TC524165 only 
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TIMING WAVEFORM 
READ CYCLE 
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WRITE CYCLE (EARLY WRITE) *Note 1, 3 



M5 



Ca5 



WL.WIJ yj" 



W1/I01 
-W16/I016 




VoH' 



Mask Mode 


*1 


*2 


Cycle 


WL 


wu 




No Mask Mode 


1 


1 


Don't care 


Normal Write 


New Mask Mode 




1 




1 




WM1 data 


Write per Bit 


Old Mask Mode 




1 




1 




Don't care 


Write per Bit 



WM1 data 
Don't care 



0: Write Disable 
1: Write Enable 
: '1' or'0' 
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WRITE CYCLE (OE CONTROLLED WRITE) *Note 2, 3 



ra5 



A0~A8 



WL.WU 



dT/Se 



IN 



W1/I01 
~W16/I016 

I V 0H — _ 




"H" or "L" 



Mask Mode 


*1 


*2 


Cycle 


WL 


WU 




No Mask Mode 


1 


1 


Don't care 


Normal Write 


New Mask Mode 





1 




1 




WM1 data 


Write per Bit 


Old Mask Mode 





1 




1 




Don't care 


Write per Bit 



WM1 data 
Don't care 



0: Write Disable 
1 : Write Enable 
: 'l'or'O' 
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READ-MODIFY-WRITE CYCLE *Note 1, 2, 3 




Mask Mode 


*1 


*2 


Cycle 


WE 


WU 




No Mask Mode 


1 


1 


Don't care 


Normal Write 


New Mask Mode 




1 



1 



WM1 data 


Write per Bit 


Old Mask Mode 





1 




1 




Don't care 


Write per Bit 



WM1 data 0: Write Disable 

1 : Write Enable 
Don't care : '1' or '0' 
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FAST PAGE MODE READ CYCLE 




: "H" or "L" 
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FAST PAGE MODE WRITE CYCLE (EARLY WRITE) *Note 1, 2 




Mask Mode 


*1 


*2 


Cycle 


WL 


wu 




No Mask Mode 


1 


1 


Don't care 


Normal Write 


New Mask Mode 





1 




1 




WM1 data 


Write per Bit 


Old Mask Mode 





1 




1 




Don't care 


Write per Bit 



WM1 data 0: Write Disable 

1 : Write Enable 
Don't care :Tor'0' 



TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



C-309 



TC524162, TC524165 



FAST PAGE MODE READ-MODIFY- WRITE CYCLE *Note 2, 3 

*RASP 




: "H" or "L* 





* 


1 






Mask Mode 






*2 


Cycle 








WL 


Wu 






No Mask Mode 


1 


1 


Don't care 


Normal Write 














New Mask Mode 





1 


WM1 data 


Write per Bit 




1 





















Old Mask Mode 





1 


Don't care 


Write per Bit 




1 










WM1 data 
Don't care 



Write Disable 
Write Enable 
Tor'O' 
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EXTENDED FAST PAGE MODE READ CYCLE (TC524165 only) 



V IL - 



fey 

-r 



RAS 



CA5 



A0~A8 



WB/WE „ IH 



tRASP 



*RCD 



tRAD 



^_ t t C p > . a kp K tcAS ^ , ^kPN^ . 



tRSH 



*RP 



/1/I01 

W8/I08 



i OUT V ° H . 
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EXTENDED FAST PAGE MODE WRITE CYCLE (EARLY WRITE) (TC524165 only) 




Mask Mode 


*1 


*2 


Cycle 


No Mask Mode 


1 


Don't care 


Normal Write 


New Mask Mode 





WM1 data 


Write per Bit 


Old Mask Mode 





Don't care 


Write per Bit 



WM1 data 0: Write Disable 

1 : Write Enable 
Don't care : '1' or '0' 
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EXTENDED FAST PAGE MODE READ-MODIFY- WRITE CYCLE (TC524165 only)) 



V| H — ! 

WB/WE 



W1/I01 
-W8/I08 




V H- 
Vol- 



Mask Mode 


*1 


*2 


Cycle 


No Mask Mode 


1 


Don't care 


Normal Write 


New Mask Mode 





WM1 data 


Write per Bit 


Old Mask Mode 





Don't care 


Write per Bit 



WM1 data 
Don't care 



0: Write Disable 
1 : Write Enable 
: '1' or '0' 
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FLASH WRITE CYCLE 




WW 101 
-W16/I016 



OUT 



Voh- 









tMH 













VOL- 



OPEN 



Mask Mode 


*1 


New Mask Mode 


WM1 data 


Old Mask Mode 


Don't care 


WM1 data 


0: Write Disable 




1 : Write Enable 


Don't care 


: '0' or '1' 



"H" or "L" 
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BLOCK WRITE CYCLE (EARLY WRITE) *Note 1, 3 



RAS 



DT/QE 



W1/I01 
-W16/I016 




~1 ="H"or"L 





* 


1 




Mask Mode 






*2 


WL 


WD 




No Mask 


1 


1 


Don't 


Mode 






care 


New Mask 





1 



1 


WM1 


Mode 





data 


Old Mask 





1 




1 


Don't 


Mode 





care 



WM1 data 
Don't care 



0: Write Disable 
1: Write Enable 
: '0' or'l' 



*3 COLUMN SELECT 

Lower Byte 

Wl/IOl - Column (A2C=0, A1C=0, A0C=0) 
W2/I02 - Column 1 (A2C=0, A1C=0, A0C=1) 
W3/I03 - Column 2 (A2C=0, A1C=1, A0C=0) 
Column 3 (A2C=0, A1C=1, A0C=1) 
Column 4 (A2C=1, A1C=0, A0C=0) 
• Column 5 (A2C=1, A1C=0, A0C=1) 

■ Column 6 (A2C=1, A1C=1 , A0C=0) 

■ Column 7 (A2C=1, A1C=1, A0C=1) 



W4/I04 • 
W5/I05 ■ 
W6/I06 
W7/I07 • 
W8/IO8 
Upper Byte 
W9/I09 
W10/IO10 
Wll/IOll • 
W12/I012- 
W13/I013 
W14/I014 
W15/I015 
W16/I016 



Column (A2C=0, A1C=0, A0C=0) 
Column 1 (A2C=0, A1C=0, A0C=1) 
Column 2 (A2C=0, A1C=1, A0C=0) 
Column 3 (A2C=0, A1C=1, A0C=1) 
Column 4 (A2C=1, A1C=0, A0C=0) 
Column 5 (A2C=1, A1C=0, A0C=1) 
Column 6 (A2C=1, A1C=1, A0C=0) 
Column 7 (A2C=1, A1C=1, A0C=1) 



\ Wn/IOn 
V =0 : Disable 
/ =1 : Enable 
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BLOCK WRITE CYCLE (DELAYED WRITE) *Note 2, 3 



ra5 



OS 



WLyWff 



5T/0T 



DSF1 



DSF2 



W1/I01 
-W16/I016 




OPEN 





* 


1 




Mask Mode 






*2 


WL 


WU 




No Mask 


1 


1 


Don't 


Mode 






care 


New Mask 




1 



1 


WM1 


Mode 





data 


Old Mask 




1 




1 


Don't 


Mode 





care 



WM1 data 
Don't care 



0: Write Disable 
1: Write Enable 
: '0' orT 



*3 COLUMN SELECT 

Lower Byte 

Wl/IOl - Column (A2C=0, A1C=0, A0C=0) ~\ 
W2/I02 - Column 1 (A2C=0, A1C=0, A0C=1) 
W3/I03 - Column 2 (A2C=0, A1C=1, A0C=0) 
W4/I04 - Column 3 (A2C=0, A1C=1, A0C=1) 
W5/I05 - Column 4 (A2C=1, A1C=0, A0C=0) 
W6/IO6 - Column 5 (A2C=1, A1C=0, A0C=1) 
W7/I07 - Column 6 (A2C=1, A1C=1, A0C=0) 
W8/IO8 - Column 7 (A2C=1, A1C=1, A0C=1) 
Upper Byte 

W9/I09 - Column (A2C=0, A1C=0, A0C=0 
W10/IO10 - Column 1 (A2C=0, A1C=0, A0C=1 
Wl l/IOll - Column 2 (A2C=0, A1C=1, A0C=0 
W12/I012 - Column 3 (A2C=0, A1C=1, A0C=1 
W 13/10 13 - Column 4 (A2C=1, A1C=0, A0C=0 
W14/I014 - Column 5 (A2C=1, A1C=0, A0C=1 
W15/I015 - Column 6 (A2C=1, A1C=1, A0C=0 
W16/I016 - Column 7 (A2C=1, A1C=1, A0C=1 



\ Wn/IOn 

V. =0 : Disable 

/ =1 : Enable 



J 
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FAST PAGE MODE BLOCK WRITE CYCLE *Note 1, 2, 3 



Ca5 



WL.WU 



tRASP 



tcRP 



*CSH 
^RCD 



, tRAD 



, t(ll>, 



Jrsh 



T~ H J£E* I ' -I 




W1/I01 V| H 
~W16/I016 V| L 



H" or "I" 





* 


1 




Mask Mode 






*2 


WE 


wu 




No Mask 


1 


1 


Don't 


Mode 




care 


New Mask 




1 




1 




WM1 


Mode 


data 


Old Mask 





1 




1 


Don't 


Mode 





care 



WM1 data 
Don't care 



0: Write Disable 
1: Write Enable 
: 'O'or'l' 



*3 COLUMN SELECT 

Lower Byte 

Wl/IOl - Column (A2C=0, A1C=0, A0C=0) 
W2/I02 - Column 1 (A2C=0, A1C=0, A0C=1) 
W3/I03 - Column 2 (A2C=0, A1C=1, A0C=0) 
W4/I04 - Column 3 (A2C=0, A1C=1, A0C=1) 
W5/I05 - Column 4 (A2C=1, A1C=0, A0C=0) 

■ Column 5 (A2C=1, A1C=0, A0O1) 

■ Column 6 (A2C=1, A1C=1, A0C=0) 

■ Column 7 (A2C=1, A1C=1, A0C=1) 



W6/I06 • 
W7/I07 ■ 
W8/I08 ■ 
Upper Byte 

W9/I09 - 
W10/IO10 - 
Wll/IOll - 
W12/I012 ■ 
W13/I013 ■ 
W14/I014- 
W15/I015 ■ 
W16/I016- 



Column (A2C=0, A1C=0, A0C=0) 
Column 1 (A2C=0, A1C=0, A0C=1) 
Column 2 (A2C=0, A1C=1, A0C=0) 
Column 3 (A2C=0, A1C=1, A0C=1) 
Column 4 (A2C=1, A1C=0, A0C=0) 
Column 5 (A2C=1, A1C=0, A0C=1) 
Column 6 (A2C=1, A1C=1, A0C=0) 
Column 7 (A2C=1, A1C=1, A0C=1) 



Wn/IOn 

=0 : Disable 
=1 : Enable 
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CBR AUTO REFRESH CYCLE 
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LOAD MASK/COLOR REGISTERCYCLE *Note 4, 5 




(Early Write) 



*1 


*2 


Function 





Mask data 


Load Mask Register Cycle 


1 


Color data 


Load Color Register Cycle 
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READ MASK/COLOR REGISTER CYCLE 

ra5 



555 



DT/5E 



WL,WU 



W1/I01 v 0H - 
~W16/I016 Vql 




*1 


*2 


Function 





Mask data 


Load Mask Register Cycle 


1 


Color data 


Load Color Register Cycle 
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PIPELINED FAST PAGE WRITE CYCLE *Note 1, 2, 3 






* 


1 






Mask Mode 






*2 


Cycle 








WE 


wu 






No Mask Mode 


1 


1 


Don't care 


Normal Write 














New Mask Mode 





1 


WM1 data 


Write per Bit 




1 





















Old Mask Mode 





1 


Don't care 


Write per Bit 




1 










WM1 data 0: Write Disable 

1: Write Enable 
Don't care : ' 1 ' or '0' 
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PIPELINED FAST PAGE READ- WRITE CYCLE 




W1/I01- V,h 

W16/I016 V,L 



Mask Mode 


*1 


*2 


Cycle 


WL 


WU 




No Mask Mode 


1 


1 


Don't care 


Normal Write 


New Mask Mode 





1 




1 




WM1 data 


Write per Bit 


Old Mask Mode 





1 




1 




Don't care 


Write per Bit 



WM1 data 
Don't care 



Write Disable 
Write Enable 
'1' or'O' 
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PIPELINED FAST PAGE WRITE-READ CYCLE 

\ 




Mask Mode 


*1 


*2 


Cycle 


WE 


wu 




No Mask Mode 


1 


1 


Don't care 


Normal Write 


New Mask Mode 





1 




1 




WM1 data 


Write per Bit 


Old Mask Mode 





1 




1 




Don't care 


Write per Bit 



WM1 data 
Don't care 



0: Write Disable 
1 : Write Enable 
: '1' or'0' 
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PIPELINED FAST PAGE WRITE-BLOCK WRITE CYCLE 



"N 



tRCDP 



tpcp 



A0-A8 v |" 



WL,WU V, u _ : 



DT/OE ^ 



WW 101 V| H - : 

-W16/I016 V, 






* 


1 




Mask Mode 






*2 


WE 


WD 




No Mask 


1 


1 


Don't 


Mode 






care 


New Mask 




1 




1 


WM1 


Mode 





data 


Old Mask 





1 




1 


Don't 


Mode 





care 



WM1 data 
Don't care 



0: Write Disable 
1 : Write Enable 
: '0' or'l' 



*3 COLUMN SELECT 

Lower Byte 

Wl/IOl - Column (A2C=0, A1C=0, A0C=0) 
W2/I02 - Column 1 (A2C=0, A1C=0, A0C=1) 
W3/I03 - Column 2 (A2C=0, A1C=1, A0C=0) 
W4/I04 - Column 3 (A2C=0, A1C=1, A0C=1) 
W5/I05 - Column 4 (A2C=1, A1C=0, A0C=0) 
Column 5 (A2C=1, A1C=0, A0C=1) 

■ Column 6 (A2C=1, A1C=1, A0C=0) 

■ Column 7 (A2C=1, A1C=1, A0C=1) 



W6/I06 
W7/I07 
W8/I08 
Upper Byte 
W9/I09 



Column (A2C=0, A1C=0, A0C=0) 
W10/IO10 - Column 1 (A2C=0, A1C=0, A0C=1) 
Wl 1/101 1 - Column 2 (A2C=0, A1C=1, A0C=0) 
W12/I012 - Column 3 (A2C=0, A1C=1, A0C=1) 
W13/I013 - Column 4 (A2C=1, A1C=0, A0C=0) 
W14/I014 - Column 5 (A2C=1, A1C=0, A0C=1) 
W15/I015 - Column 6 (A2C=1, A1C=1, A0C=0) 
W16/I016 - Column 7 (A2C=1, A1C=1, A0C=1) 



Wn/IOn 

=0 : Disable 
=1 : Enable 
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READ TRANSFER CYCLE 



tRC 
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REAL TIME READ TRANSFER CYCLE 



ra5 



CAS 



DT/OT 



WW 101 Voh - 
-W16/I016 Vql — 



V| H - 




cr.1 cmc V 0H ~ V VALID : U C VALID V/ VALID V/ 
iUl~5Ulb Vql — A DATA-OUT . ft r DATA-OUT y\ DATA-OUT A 



VALID 
DATA-OUT 



Previous Row Data 



QSF 



V H- 
VOL- 



X 



K VALID \/~ 
DATA-OUT A 



New Row Data 



TAP MSB (A7) 
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SPLIT READ TRANSFER CYCLE 
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SERIAL READ CYCLE (SE Controlled Outputs) 
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PIN FUNCTION 
ADDRESS INPUTS : A ~A 8 

The 18 address bits are required to decodel6 bits of the 2,097,152 cell locations within the dynamic RAM 
memory array and they are multiplexed onto 9 address input pins (A ~A 8 ). Nine row address bits are latched on 
the falling edge of the row address strobe (RAS) and the following nine column address bits are latched on the 
falling edge of the column address strobe (CAS). 

ROW ADDRESS STROBE : RAS 

A random access cycle or a data transfer cycle begins at the falling edge of RAS. RAS is the control input 
that latches the row address bits and the states of CAS, DT/OE, WEU/WEL, DSF1 and DSF2 to invoke the 
various random access and data transfer operating modes shown in Table 1 . 

RAS has minimum and maximum pulse widths and a minimum precharge requirement which must be 
maintained for proper device operation and data integrity. The RAM port is placed in standby mode when the 
RAS control is held "high". 

COLUMN ADDRESS STROBE : CAS 

CAS is the control input that latches the column address bits which are also used for the tap address during 
the transfer operations. The state of the special function input DSF1 is read at the CAS falling edge to select the 
block write mode or load register functions in conjunction with the RAS control. CAS before RAS refresh 
operations are selected if the signal is "low" at the RAS falling edge. 

DATA TRANSFER/OUTPUT ENABLE : DT/OE 

The DT/OE input is a multifunction pin. When DT/OE is "high" at the falling edge of RAS, RAM port 
operations are performed and DT/OE is used as an output enable control. If it is "low", a data transfer operation 
is activated between the RAM and the SAM. 
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WRITE PER BIT/WRITE ENABLE : WB/WE 

The WEU/WEL input is also a multifunction pin. When the signal is "high" at the falling edge of RAS, 
during the RAM port operations, it is used to write data into the memory array in the same manner as a standard 
DRAM. If the signal is "low" at the RAS falling edge, the write-per-bit function is enabled. 





WEU 


WEL 


Function 


raSnI 


H 


H 


Read/Write 




L 


H 


Upper byte write per bit 




H 


L 


Lower byte Write per bit 




L 


L 


Word Write per bit 



WRITE MASK DATA/DATA INPUT AND OUTPUT: W x /lO^W 16 /I0 16 

Data is written into the RAM through Wi/IOj~W 16 /I0 16 pins during a write cycle. The input data is 
latched at the falling edge of either CAS or WEU/WEL, whichever occurs late. In a read cycle data is read out 
of the RAM on the W ; / 10; pins after the specified access times from RAS, CAS, DT/OE and column address. 
The Lower and Upper 8 bits are also used as the column address mask during a block white cycle. The each 8 
bits correspond to Lower/Upper byte column. 

When the write-per-bit function is enabled, the mask data on the W/IO; pins is latched into the write mask 
register at the falling edge of RAS. In a load mask and color register cycles, the data on the Wj/IOj pins is stored 
into the write mask register and the color register respectively. 

SERIAL CLOCK : SC 

All operations of the SAM port are synchronized with the serial clock SC. Data is shifted out of the SAM 
registers at the rising edge of SC. The serial clock SC also increments the 9-bits serial pointer which is used to 
select the SAM address. The SC pin must be held at a constant V IH or V IL level during read transfer operations 
and should not be clocked while the SAM is in standby mode to prevent the SAM pointer from being 
incremented. 

No control signal disable SC input, and in any time SC toggle cause SAM pointer drarge regardless Sout 
(controlled by SE). 
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SERIAL ENABLE : SE 

The SE input is used to enable serial access operation. In a serial read cycle, SE is used as an output control. 
When SE is "high", serial access is disabled, however, the serial address pointer is still incremented while SC 
is clocked. 

SPECIAL FUNCTION CONTROL INPUT: DSF1, DSF2 

DSFl is latched at the falling edge ofRAS and CAS to select the various TC524162/165 operations. If the 
signal is kept "low", the basical functions featured in conventional multi-port DRAM are enabled. To use the 
block write, the flash write and the load register functions or the split transfer operations, the DSFl signal needs 
to be controlled as shown in Table 1. 

When the DSF2 signal is "high" at the falling edge of RAS, pipelined page mode operations are enabled. 
The pipeline mode is supported with the read, write and block write functions. 

SPECIAL FUNCTION OUTPUT: QSF 

QSF is an output signal which, during split register mode, indicates which half of the split SAM is being 
accessed. QSF "low" indicates that the lower split SAM (Bit 0-255) is being accessed and QSF "high" indicates 
that the upper split SAM (Bit 256-51 1) is being accessed. QSF is monitored so that after it toggles and waiting 
a delay of t STS , split read transfer operation can be performed on the non-active split SAM. 

SERIAL OUTPUT : SO^SO^ 

Serial output SO]~S0 16 are the output pin of SAM register. SAM data out is valid t SCA after SC rising 
edge. These SOj-SOjg output is controlled by SE. SOj is going to Hi-Z state when SE goes high. 

OPERATION MODE 

The RAM port and data transfer operating of the TG524162/165 are determined by the state of CAS, DT/ 
OE, WEU/WEL, DSFl and DSF2 at the falling edge of RAS and by the state of DSFl at the falling edge of 
CAS. The Table 1 shows the functional truth table for a listing of all available RAM port and transfer operations. 
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Table 1. Functional Truth Table 



RAS ~1_ 


CAS ~1_ 


Mnemonic Code 


Function 


CAS 


DT/OE 


WEU 4) / 
WEL 


DSF1 


DSF2 


DSF1 
















CBR 


CBR Auto Refresh & Option Reset ' 










1 






CBRS 


CBR Auto Refresh & Stop Register Set 2 ^ 







1 


1 






CBRN 


CBR Auto Refresh 







1 









RT 


Read Transfer 







1 


1 






SRT 


Split Read Transfer 




1 











U 


RWM 


Read Write (JNew/Old Mask) ' 




1 











1 


BWM 


Block Write (New/Uld Mask) ' 




1 





1 






FWM 


Flash Write (JNew/Uld Mask) ' 




1 


1 








u 


KW 


Read Write (No Mask) 




1 


1 








1 

1 


rJW 


mock write (ino Mask) 




1 


U 


n 
U 


1 

1 


ft 

(J 


RWM(r) 


Frr ' Read Write (JNew/Uld Mask) ' 




1 








1 


1 
1 


D W IVl^r ) 


rrjr uiock write ^iNew/wiQ iviasK) 




1 


1 





1 





RW(P) 


PFP 3) Read Write (No Mask) 




1 


1 





1 


1 


BW(P) 


PFP 3) Block Write (No Mask) 




1 


1 


1 


* 





LMR 


Load (Old) Mask Register 1 ) 




1 


1 


1 


* 


1 


LCR 


Load Color Register 



Note 



* =0 or 1, - = Not applicable 

1) After LMR operation, RWM, BWM, FWM, RWM (P), BWM (P) use old mask. 

Either CBR operation or LMR operation with no mask bits resets the old mask mode to new mask 
mode. 

2) CBRS operation determines binary boundaries in the SAM. 
CBR operation resets the boundaries. 

3) PFP stands for pipelined fast page mode. 

4) The state of WEU/WEL is defined as Logical "AND" of WEU and WEL state. 
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RAM PORT OPERATION 

1. READ WRITE FUNCTION : RW 

The TC524 162/1 65 is equipped with the read write function which is identical to the conventional 
dynamic RAM's one and supports read, early write, OE controlled write and read-modify-write cycles as shown 
in the timing charts. Extended fast page (TC524165) and pipelined page modes are also available with the read 
write cycles by performing multiple CAS cycles during a single active RAS cycle. 

1.1 EXTENDED FAST PAGE MODE (TC524165) 

Extended fast page mode allows faster access to the memory in an actual system than the conventional fast 
page mode. An output data remains valid after the CAS signal goes high to prepare the next output data. Thus, 
the system has longer period to read the data from the RAM. Read, write and read-modify-write cycles are 
available during the extended fast page mode. 

2. WRITE-PER-BIT (MASKED WRITE) FUNCTION : RWM 

The write-per-bit (masked write) function selectively controls the internal write enable circuits of the 
RAM port. When WE is held "low" at the falling edge of RAS, during the RWM cycle, the write mask is 
enabled. At the same time, the mask data on the Wi/IOi pins is latched into the write-mask register. The I/O 
mask data maintains in a single RAS cycle, a page (New Mask Mode). When a load mask register function 
(LMR) is performed, the write mask data on the Wi/IOi pins is latched into the write-mask register. After the 
LMR operation, the data at the falling edge of RAS during the RWM cycle is ignored and the I/O mask data that 
was stored in the write-mask register is used (Old Mask Mode) until the mode is reset by either CBR operation 
or LMR operation with no mask bits. The truth table of the write-per-bit function is shown in Table 2. 

Table 2. Truth table for write-per-bit function 



At the falling edge of RAS 


Write Mask Register 


Function 


CAS 


DT/OE 


WB/WE 


W^ (i=l~16) 








1 


<- 


Write Enable 


H 


H 


L 





<— 


Write Disable (New Mask) 


* 


1 


Write Enable 








* 





Write Disable (Old Mask) 



Note: = 1 or , <- = The data on Wi/IOi is latched. 



3. BLOCK WRITE AND MASKED BLOCK WRITE : BW &B WM 

Block write is a special RAM port write operation which, in a page, allows for the data in the color register 
to be written into 8 consecutive column address locations starting from a selected column address in a selected 
row. The block write operation can be selectively disabled on an I/O basis and a column mask capability is also 
available. 
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A block write cycle is performed by holding CAS, DT/OE "high" and DSF1 "low" at the RAS falling edge 
and by holding DSF1 "high" at the CAS falling edge. If the DSF signal is "low" at the CAS falling edge, a 
normal read/write operation will occur. Therefore, a combination of block write, read and write operations can 
be performed during a fast page mode cycle. The state of WEU/WEL input at the falling edge of RAS determines 
whether or not the I/O mask is enabled (WEU/WEL must be "low" to enable the I/O mask, BMW mode or 
"high" to disable it, BW mode). The I/O mask is provided on the Wi/IOi input at the RAS falling edge. After 
LMR operation, however, the old mask is used for the I/O mask function. The column mask data on the Wj/IO; 
input must be provided at the CAS or WEU/WEL falling edge whichever is late, while the six most significant 
colunm address (A3C-A8C) are latched at the falling edge of CAS. This latched column address determines the 
start column address of consecutive block. 

The block write is most effective for window clear and fill operation in frame buffer applications. 

Figure 1 . Block Write Operation 



Inter nal 
CSS 



Example (Shown on Lower byte. The same manner on Upper byte) 
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Early Write 



Delayed Write 





W/IO 




1 


2 | 3 


4 


5 


6 


7 


8 


WMl Register (Lower) 


1 






1 








Column Select (Lower byte) 


1 


<3> » 


1 


1 






1 


Color Register (Lower) L 


1 


1 1 





1 


1 








Result 
















Application 

• High Speed Window Cear 

• High Speed Rectangular Fill 



* 1 *2 Mask Mode 



1 Don't Care No Mask Mode 



WMl New Mask Mode 



Don't Care Old Mask Mode 



*3 : COLUMN MASK 

Lower Byte 

Wl/IOl - Column (A2C=0, A1C=0, A0C=0) 
W2/I02 - Column 1 (A2C=0, A1C=0, A0C=1) 
W3/I03 - Column 2 (A2C=0, A1C=1, A0C=0) 
W4/I04 - Column 3 (A2C=0, A1C=1, A0C=1) 
W5/I05 - Column 4 (A2C=1, A1C=0, A0C=0) 
W6/IO6 - Column 5 (A2C=1, A1C=0, A0C=1) 
W7/I07 - Column 6 (A2C=1, A1C=1, A0C=0) 
W8/I08 - Column 7 (A2C=1, A1C=1, A0C=1) 

Upper Byte 

W9/I09 - Column (A2C=0, A1C=0, A0C=0) 
W10/IO10 - Column 1 (A2C=0, A1C=0, A0C=1) 
Wl l/IOl 1 - Column 2 (A2C=0, A1C=1, A0C=0) 
W12/I012 - Column 3 (A2C=0, A1C=1, A0C=1) 
W13/I013 - Column 4 (A2C=1, A1C=0, A0C=0) 
W14/I014 - Column 5 (A2C=1, A1C=0, A0C=1) 
W15/I015 - Column 6 (A2C=1, A1C=1, A0C=0) 
W16/I016 - Column 7 (A2C=1, A1C=1, A0C=1) 
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4. FLASH WRITE : FWM 

Flash write is also a special RAM port operation which in a single RAS cycle, allows for the data in the 
color register to be written into all the memory locations of a selected row. Each bit of the color register 
corresponds to one of the DRAM I/O blocks and the flash write operation can be selectively controlled on an 1/ 
O basis in the same manner as the write-per-bit operation. 

A flash write cycle is performed by holding CAS "high", WEU/WEL "low" and DSF1 "high" at the falling 
edge of RAS. The mask data must also be provided on the Wj/IO; inputs in order to enable the flash write 
operation for selected I/O blocks. After a LMR operation, however, the old mask in the mask register is used for 
the I/O block masking. 

Flash write is most effective for fast plane clear operations in frame buffer applications. Selected planes 
can be cleared by performing 512 flash write cycle and by specifying a different row address location during 
each flash write cycle. Assuming a cycle time of 130ns, a plane clear operation can be completed in less than 
66.6 usee. 

Figure 2. Flash Write Operation 



Example (Shown is lower only. The same manner in upper bite. ) 




Register 

OSF2 : don't cart (H or I) 

Mask 

Data (WM1) 
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5. PIPELINED FAST PAGE MODE : RWM (P), BWM (P), RW (P), BW (P) 



Pipelined fast page mode allows much faster access to the memory than the conventional page mode. 
Read, write and block write cycles are available at the pipelined fast page mode timings. 

A pipelined fast page mode is performed by holding DSF2 "high" at the falling edge of RAS. A pipelined 
fast page read, write and block write operations can run at 30ns cycle time for 70ns version. Also, those mode 
can be selected every CAS cycle by the status of DT/OE, WEU/WEL and DSF1 pin. There are, however, 
penalties on the performance as follows: 

(1) Two CAS cycles are required for the read operation. The fast access, hence, takes longer than page 
mode. Also, one CAS cycle is needed to read out the data before the write cycle starts in the same page. 

(2) One dummy cycle is needed to complete the write and block write operation. The cycle is, thus, needed 
between the write and the read operation and is required before the page ends. 

A system designer needs to carefully estimate the system performances with the pipelined page mode and 
the conventional page mode in order to decide which mode should be used. 



The TC524 162/1 65 has an on-chip 8 bit write-mask register which provides the I/O mask data during the 
masked functions such as the write-per-bit (RWM), masked block write (BWM) and flash write (FWM) 
functions. Each bit of the write-mask register corresponds to one of the DRAM I/O blocks. After the mask data 
is specified in the write-mask register by using the load mask register (LMR) cycle, the old mask mode is 
invoked during the masked functions. The I/O mask data in the write-mask register maintains until another LMR 
operation is performed during the old mask mode. The LMR cycle is initiated by holding CAS, DT/OE, WEU/ 
WEL and DSF1 "high" at the falling edge of RAS and by DSF1 "low" at the falling edge of CAS. The data 
presented on the Wi/IOi lines are subsequently latched into the write-mask register at the falling edge of either 
CAS or WEU/WEL, whichever occurs later. The old mask mode is reset to the new mask mode by either a CAS 
before RAS refresh cycle (CBR) or a LMR cycle with no mask bits, all "1" on W l flO i pins. During the LMR 
cycle, the memory cells of the row address which is latched at the falling edge of RAS are refreshed. 



6. LOAD (OLD) MASK REGISTER LMR 



Figure 3. State Diagram of Mask Mode 
LMR with at least one mask bit. 



New Mask Mode 




CBR or LMR with no mask bits 
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7. LOAD COLOR REGISTER : LCR 

The TG524 162/1 65 is provided with an on-chip 8-bits register (color register) for use during the block 
write or flash write function. Each bit of the color register corresponds to one of the DRAM I/O blocks. The load 
color, register cycle is initiated by holding CAS, WEU/WEL, DT/OE and DSF1 "high" at the falling edge of 
RAS. The data presented on the Wj/IOj lines is subsequently latched into the color register at the falling edge of 
either CAS or WEU/WEL, whichever occurs later. During the load color register cycle, the memory cells on the 
row address latched at the falling edge of RAS are refreshed. 

8. REFRESH 

The data in the DRAM requires periodic refreshing to prevent data loss. Refreshing is accomplished by 
performing a memory cycle at each of ,512 rows in the DRAM array within the specified 8 ms refresh period. 
The TC524 162/1 65 supports the conventional dynamic RAM refresh operations such as RAS only refresh, CAS 
before RAS refresh and hidden refresh. 

8.1 CAS before RAS Refresh and Option Reset : CBR 

The CBR cycle reset the following functions, performing the CAS before RAS refresh operation at the 
same time. 

• To reset the old mask mode to the new mask mode for the masked functions. 

• To reset the stop register and remove the binary boundaries for the split SAM operation. 

The systems which implement neither the old mask mode nor the binary boundary in the SAM is 
recommended to use the CBR cycle for refresh operation. 
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8.2 CAS before RAS Refresh : CBRN 

The CBRN cycle performs only the CAS before RAS refresh operation. The systems which implement 
either the old mask mode or the binary boundary in the SAM usually use the CBRN cycle for refresh operation 
except for at the required stop register set or option reset cycles. The CBRN cycle must not be used during the 
initialization after power-up, 



8.3 CAS before RAS Refresh and Stop Register Set : CBRS 

The CBRS cycle sets the stop register to place binary boundaries in each half SAM, performing the CAS 
before RAS refresh operation at the same time. The CBRS cycle is initiated by CAS holding "low" and by WEU 
/WEL and DSF1 "high" at the falling edge of RAS. At the same time the data on the address pins, Aq - A 8 is 
latched and the binary boundaries in each half SAM will be available when a split transfer operation is 
performed, 

Figure 4 . Stop Register and Binary Boundary Location 



Stop Register Value 
As- Aq 



Binary Boundary Locations 



1111111 

111111 

11111 

1111 

111 

1 1 
1 
00000000 
000000000 



s. These values are not allowed to be set. 



Last Address of each block 
255, 511 Default Case 



127, 255, 383, 511 



63, 127, 191, 255, 319, 383, 447, 511 



31, 63, 95, 127, 159, 191, 223, 255, 287, 
319, 351, 383, 415, 447, 479, 511 



15, 31, 47, 63, 79, 95, 111, 127, 143, 
159, 175, 191, 207. 223, 239, 255, 271, 
287, 303, 319, 335, 351, 367, 383, 399, 
415, 431, 447, 463, 479, 495, 511 
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NOTE 

OE control of Extended Fast Page mode Read cycle (TC524163/165) 

When OE is toggled while CAS is "Low" level in fast pag e mod e read cycle, the same data is valid on WI/ 
O. However, the data will not be valid when OE goes low with CAS high condition. The data will come out in 
following CAS cycle. Such a OE control have to satisfy t 0EP (10ns min), t ECS (10ns min), t ECH (10ns min). 
Please refer following Figure. 




DATA TRANSFER OPERATION 

The TC524 162/1 65 features internal data transfer capability between the RAM and the SAM, as shown in Figure 
5. During a normal transfer, 512 words byl6 bits of data can be loaded from RAM to SAM (Read Transfer). 
During a split transfer, 256 words by 16 bits of data can be loaded from the lower/upper half of the RAM into 
the lower/upper half of the SAM (Split Read Transfer). The normal transfer and split transfer modes are 
controlled by the DSF1 input signal 



512 columns 



512 
rows 



512x512x16 
Memory Cell Array 



512x16 



256 columns 256 columns 



512 
rows 



512x256x16 
Memory 
Cell Array 



256x16 



512x256x16 
Memory 
Cell Array 



256x16 



1. /> 



Figure 5. (a) Normal Transfer 



(b) Split Transfer 
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Table 3. Shows the truth table of each Transfer Modes 



RASl^ 


Mnemonic 
Code 


Transfer Mode 


Transfer 
Direction 


Transfer 
Bit 


SAM Port Mode 


CAS 


DT/OE 


Wb/we 


DFS1 


H 


L 


H 


L 


RT 


Read Transfer 


RAM -> SAM 


512x16 


Input — > Output 


H 


L 


H 


H 


SRT 


Split Read Transfer 


RAM -> SAM 


256x16 


Half SAM active 



9. READ TRANSFER CYCLE : RT 

A read transfer consists of loading a selected row of data from the RAM array into the SAM register. A 
read transfer is invoked by holding CAS "high", DT/OE "low" WeTJ/WEL "high" and DSF1 "low" at the falling 
edge of RAS. The row address selected at the falling edge of RAS determines the RAM row to be transferred 
into the SAM. The start address of the serial pointer of the SAM (TAP address) is determined by the column 
address selected at the falling edge of CAS. 

By doing a tight timing control between the DT/OE rising edge and SC falling edge, a real time read 
transfer operation can also be performed. 

Figure 6 shows the operation block diagram for read transfer operation 

Figure 6. Block Diagram for Read Transfer Operation. 



1111 



-a s oi-i6 

=> 



Ao~A 8 



512x 16bit$ 



512x512x16 bits 
Memory Cell Array 



Selected Row 



In a read transfer cycle, the SC clock must be held at a constant V IL or V IH , after the SC high time has been 
satisfied. A rising edge of the SC clock must not occur until after the specified delay t TSD from the rising edge 
of DT/OE and the falling edge of RAS and CAS , as shown in READ TRANSFER CYCLE timing chart. 
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10. SPLIT READ TRANSFER CYCLE : SRT 

A split read transfer consists of loading 256 words by 1 6 bits of data from a selected row of the half RAM 
array into the corresponding half SAM in stand-by mode. Serial data can be shifted out of the other half of the 
SAM in active mode siumltaneously, as shown in Figure 7. The most significant column address (A8C) is 
controlled internally to determine which half of the SAM will be reloaded from the RAM array. During the split 
read transfer operation, the RAM port control signals do not have to be synchronized with the serial clock SC, 
thus eliminating the timing restrictions as in the case of real time read transfers. Prior to the execution of the 
split read transfer operation, a (normal) transfer operation must be performed to determine the absolute tap 
address location. QSF is an output that indicates which half of the SAM is in the active state. QSF changes state 
when the last SC clock is applied to the active SAM, as shown in Figure 8. 



256 columns 256 columns 



f 

2 

Ni 

V 



512 
rows 







W///MW, 




I I J 


B Active } 
v/tt</Yt/t(t<t< 


Stand - 



256x1 



Active SAM 


QSF Level 


< lower SAM 


"Low" 


upper SAM 


"High" 



SIO 



Figure 7. Split Read Transfer 



RA5 
SC 
QSF 






fYYY 



Figure 8. Example of Consecutive Read Transfer Operations 
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NOTES 

( 1 ) Transfer operation without C AS . 

The SAM tap location is undefined if CAS is maintained at a constant "high" level during a transfer cycle. 
A transfer cycle with CAS held "high" is, hence, not allowed. 



ra5 \ r 

CAS 



Address V / //// //////M Bow 



Not 

Allowed 



(2) In the case of multiple split transfers performed into the same half SAM, the tap location specified 
during the last split transfer, before QSF toggles, will prevail, as shown below. 




Address - (Row 1 jffapT) (Row2XTap2> -^S — (Row N XTap N> 



QSF 



SC 



lower SAM : Active 
upper SAM : Non-active 



/ f lower SAM : Non-active 

l Last First upper SAM : Active 
» Clock Clock 



_J~LTLJ~l__._.._ s , JlJTJTTlsriXLrLr 



Multiple Split transfer into upper SAM 
Serial access of lower SAM 



Serial access of upper SAM 
starting at Tap N location 



(3) Split transfer operation allowable period. 

Figure 9 illustrates the relationship between the serial clock SC and the special function output QSF during 
split read / write transfers and highlights the time periods where split transfers are allowed, relative to SC 
and QSF. A split transfer is not allowed during to t STH + t STS . In the case that the CBRS operation is 
executed and the binary boundary in each half SAM is set or updated, an additional period is applied, as 
shown in Figure 9. 




Transfer 
allowed. 



YES ' NO " " YES ' NO YES ' " NO 

Figure 9. Split Transfer Operation Allowable Periods 



Figure 12. Split Transfer Operation Allowable Periods 
The stop register and binary boundary are explained in the CBRS operation and the SAM port operation. 
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(4) A normal transfer may be performed following split transfer operation provided that a 23ns minimum 
delay is satisfied after the QSF signal toggles. 



QSF 



Split Transfer- 



23ns Min. 



.Normal Transfer Operation Allowed 



SAM PORT OPERATION 

The TC524 162/1 65 is provided with 512 words by 16 bits serial access memory (SAM) which can be 
operated in the single register mode or the split register mode. High speed serial read or write operations can be 
performed through the SAM port independent of the RAM port operation. 

11. SINGLE REGISTER SERIAL READ OPERATION 

Serial data can be read out of the SAM port after a read transfer has been performed. At every rising edge 
of the serial clock, the data is read out sequentially starting from the selected tap location to the most significant 
bit and then wraps around to the least significant bit, as illustrated below. Subsequent real-time read transfer 
may be performed on-the-fly as many times as desired. 

Start address : Tap location 



509 



510 



511 



12. SPLIT REGISTER MODE 

The split register mode realizes continuous serial read operation. The data can be shifted into or out of one 
half of the SAM while a split read transfer is being performed on the other half of the SAM. Thus, the tight 
timing control at a real time read operation is eliminated with the split read operation. A normal read transfer 
operation must precede any split read transfer operation in order to set the TAP address. Also, a CAS before 
RAS refresh and stop register set cycle (CBRS) can be performed to specify the binary boundaries in the SAM. 
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In the split register mode, serial data can be read from one of the split registers starting from any of the 
256 tap locations. The data is read sequentially from the tap location to the most significant bit (255 or 51 1) of 
the first split SAM and then the SAM pointer moves to the tap location selected for the second split SAM to read 
the data sequentially to the most significant bit (255 or 51 1) and finally wraps around to the least significant bit, 
as illustrated in the example below. 



Tap location 

SRT is executed 



Tap location 

No SRT is executed 



fflB 



13. SPLIT REGISTER MODE WITH BINARY BOUNDARY 

After a CBRS cycle is performed, the binary boundary, which is stated in 8.3. CAS before RAS refresh 
and stop register set, is set when a SRT cycle is performed. The serial data is read from one half of the SAM 
starting the tap location to the next binary boundary, while another SRT cycle is performed. Then, the SAM 
pointer moves to the tap location in the other half SAM and the data is read from the half SAM sequentially. If 
any SRT operation is not performed before the next boundary, the SAM pointer does not jump to the other half 
SAM, as illustrated in Figure 10. 
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• SRT, - CBRS - SRT 2 - SRT 3 - SRT 4 • 



(TAP,) 



(TAP 2 ) (TAP 3 ) (TAP 4 ) 



New Boundary Set 



' Example : CBRS is executed during this period. 



^ cbrs -^*rtJ>t 



t 



New Boundary 
is set by 

Transfer Cycle (SRT) 
after CBRS. 



SRT 4 



TAP 3 



B, B, 



' This is the time point that SRT2 is executed. 



B : Old 

Boundary 



. No SRT is executed 



. TAP 2 

: o 



TAP 4 



B, B, 



Bi : New 

Boundary 



Figure 10. Operation of Split Register Mode with Binary Boundary 

The binary boundary is reset by a CBR cycle and the SAM operation mode returns to the normal split 
register mode, as shown in Figure 1 1 . 



SRT 2 



By CBR 

Real Time Reset 



4 L 

B 

I I 



. :.'TAP 2 




1 : 









Bo Bo Bo 



TAP 3 



B : Old 

Bounda- 



Figure 1 1 . Binary Boundary Reset 
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Fig. 12 shows the relation between CBR and SC on binary-boundary-reset. When Nth SC-colck accesses 
old binary address is reset and (N+l)th SC clock accesses old boundary address (old stop address) + 1 on the 
same split SAM, not jump to TAP address .t 




« jnJij~ijnjnjnJnjijnj~i_ 

t 

Old StoD Address 
Figure 12. CBR and SC relation of binary-boundary-reset 

In an actual system which uses the binary boundary a CBRS cycle is executed to determine a type of the 
boundary location. Then, a normal RT transfers a row of data into the SAM and set the initial tap location at the 
same time. An SRT cycle follows it before the SAM pointer reaches to the boundary location. The SRT cycle 
makes the binary boundary jump effective, as illustrated in Figure 13. 




Figure 13. Binary Boundary Jump Set Sequence 



There are additional timing specifications, t TSAA and t SAAX to determine the period that does not allow a 
split transfer, as illustrated in Figure 14. 
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Figure 14. Timing Specification to allow SRT operation 

POWER-UP 

Power must be applied to the RAS and DT/OE input signals to pull them "high" before or at the same time 
as the V cc supply is turned on. After power-up, a pause of 200 u.seconds minimum is required with RAS and 
DT/OE held "high". After the pause, a minimum of 8 CBR dummy cycles must be performed to stabilize the 
internal circuitry, before valid read, write or transfer operations can begin. During the initialization period, the 
DT/OE signal must be held "high". 

INITIAL STATE AFTER POWER-UP 

When power is achieved with RAS, CAS, DT/OE and WEU/WEL held "high", the internal state of the 
TC524162/165 is automatically set as follows. 

However, the initial state can not be guaranteed for various power-up conditions and input signal levels. 
Therefore, it is recommended that the initial state setting cycle is performed after the initialization of the device 
is performed (200 (xseconds pause followed by a minimum of 8 CBR cycles) and before valid operations begin. 





State after power-up 


QSF 


High-Impedance 


Color Register 


all "0" 


Write Mask Register 


Write Enable 


TAP pointer 


Invalid 


Stop Register 


Default Case 
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target spec 



SILICON GATE CMOS 

262,144 WORDS x 16 BITS MULTIPORT DRAM 
DESCRIPTION 

The TC524262/265 is a 4M bit CMOS multipart memory equipped with a 262,144-words by 16-bits 
dynamic random access memory (RAM) port and a 5 12- words by 16-bits static serial access memory (SAM) 
port. The TC524262/265 supports three types of operations; Random access to and from the RAM port, high 
speed serial access from the SAM port and transfer of data from any selected row in the RAM to the SAM. To 
realize a high performance graphic frame buffer system the TC524262/265 features various special operations 
such as the write - per - bit, the pipelined page mode, the block write and flash write function on the RAM port 
and the read transfer operations from the RAM to the SAM port. In addition, extended fast page mode is 
available where an output data remains valid during the CASL/CASU is high (TC5 24265 only). The TC524262/ 
265 is fabricated using Toshiba's CMOS silicon gate process as well as advanced circuit designs to provide low 
power dissipation and wide operating margins. 



FEATURES 

• Single power supply of 5 V ± 1 0% with a built-in 
V generator 

• All inputs and outputs TTL Compatible 

• Organization 

RAM Port : 262,144wordsX16bits 
SAM Port : 5 1 2wordsXl 6bits 

• RAM Port 

Fast Page Mode (TC524262) 
Extended Fast Page Mode (TC524265) 
Read - Modify - Write 
Pipelined Fast Page Mode 
CAS before RAS Auto Refresh 
Hidden Refresh 
RAS only Refresh 

Write per Bit (New / Old Mask Mode) 
Masked Flash Write (New / Old Mask Mode) 
Block Write 

Masked Block Write (New/Old Mask Mode) 
Load Mask Register / Color Register Cycle 
512 refresh cycles/8ms 

• SAM Port 

Addressable TAP Capability 

Stop Address (Binary Boundary) Capability 

Fully Static Register 

Single Register/Split Register Mode Capability 

• RAM - SAM Transfer 

Read/Real Time Read Transfer 
Split Read Transfer 



Package 
TC524262/265SF 
TC524262/265FT 
TC524262/265TR 



KEY PARAMETERS 



ITEM 


— 60 


— 70 


l RAC 


RAS Access Time 
(Max.) 


60ns 


70ns 


l CAC 


CAS Access Time 
(Max.) 


15ns 


20ns 


*AA 


Column Address Access 
Time (Max.) 


30ns 


35ns 


l RC 


Cycle Time (Min.) 


115ns 


130ns 


tpc 


Page Mode Cycle Time 
(Min.) 


35ns 


40ns 


*SCA 


Serial Access Time 
(Max.) 


15ns 


20ns 


l SCC 


Serial Cycle Time (Min.) 


18ns 


23ns 


tRACP 


t RAC in Pipelined Fast 
Page 


85ns 


90ns 


tcACl 


t CAC in Pipelined Fast 
Page 


15ns 


20ns 


tpcp 


Pipelined Fast Page 
Mode Cycle Time 


30ns 


30ns 


Icci 


RAM Operating Current 
(SAM : Standby) 


110mA 


100mA 


I(X2A 


SAM Operating Current 
(RAM : Standby) 


60mA 


60mA 


ICC2 


Standby Current 


10mA 


10mA 



; SSOP64 - P - 525 
: TSOP70 - P - 400 
: TSOP70 - P - 400A 
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PIN NAME 



A0-A8 


Address inputs 


RAS 


Row Address Strobe 


CASL/CASU 


Column Address Strobe 


DT/OE 


Data Transfer/Output Enable 


wb/We 


Write per Bit/Write Enable 


DSF1 DSF2 


Special Function Control 


W1/101-W1/I016 


Write Mask/Data IN, OUT 


SC 


Serial Clock 


SE 


Serial Enable 


S101-S106 


Serial Input/Output 


QSF 


Special Flag Output 


VccA^ss 


Power (5V) / Ground 


N.C. 


No Connection 



PIN CONNECTION (TOP VIEW) 



TC524262/265SF 



TC524262/265FT 



TC524262/265TR 



vcc 

DT/OE 
VSS 
S01 
WI/01 
S02 
WI/02 
VCC 
S03 
WI/03 
S04 
WI/04 
VSS 
S05 
WI/05 
S06 
WI/06 
VCC 
S07 
WI/07 
S08 
WI/OS 
VSS 
CASL 
WB/WE 
RAS 
A8 
A7 
A6 
A5 
A4 
VCC 



1 

2 

c 3 

c 4 

c 5 

c 6 

<= 7 

c 8 



64 psc 
63 =i se 
62 ^Vss 
11 =>S016 
n ^ WI/016 
r-j S015 

58 =3 wi/01 5 
57 =i Vcc 



? 56 p sou 

10 55 =3 wi/01 4 

11 54 =3S013 

12 53 =3 wi/01 3 

13 52 



^ 18 47 ,_ ... 

cj 19 46 3 SO10 

20 45 => wi/010 

21 44 =3S09 
t= 22 43 => wi/09 

23 42 =ivss 

24 41 =J DSF1 

25 40 =1 DSF2 

26 39 =icasu 

27 38 =i QSF 
c 28 37 =i AO 
^ 29 36 =" A1 
-j 30 35 =3 A2 
c 31 34 =3 A3 

^ 32 33 3v» 




525mil SSOP (0.8mm pitch) 



vcc 

DT/OE 
VSS 
S01 

WI/01 
S02 

WI/02 
VCC 
S03 

WI/03 
S04 

WI/04 
VSS 
S05 

WI/05 
S06 



WI/06 
VCC 
S07 
WI/07 
S08 
WI/08 
VSS 
CASL 
WB/WE 
RAS 
A8 
A7 
A6 
A5 
A4 
VCC 



1 

2 

c=| 3 
4 
5 
6 
7 
8 

q 10 
_] 11 

g 12 

R 13 
_ 14 
15 
16 



20 
c=121 
_22 
^123 
24 
^25 
26 
27 
_ 28 
i=|29 
30 
31 
32 
33 
34 
35 



70 
69 
68 
67 
66 
65 
64 
63 
62 
61 
60 
59 
58 
57 
56 
55 



51 

50 _ 
49 P 
48 P 
47 
46 
45 
44 
43 
42 
41 
40 
39 
38 
37 
36 



SC 

SE 

Vss 

S016 

WI/016 

S015 

WI/01 5 

Vcc 

S014 

WI/014 

S013 

WI/01 3 

Vss 

S012 

WI/012 

S011 



WI/01 1 

Vcc 

SO10 

WI/O10 

S09 

WI/09 

Vss 

DSF1 

DSF2 

CASU 

QSF 

AO 

A1 

A2 

A3 

Vss 



SC 
SE 
Vss 
S016 
WI/016 
S015 
WI/01 5 
Vcc 
S014 
WI/014 
S013 
WI/01 3 
Vss 
S012 
WI/012 
SOU 



WI/011 
Vcc 
SO10 
WI/O10 
S09 
WI/09 
Vss 
DSF1 
DSF 2 
CASU 
QSF 
AO 
A1 
A2 
A3 
Vss 



70 

§9 
68 

§7 

II 

64 
63 
62 
61 
60 
59 

58 _ 
57 P 
56 
55 



20 
21 
22 
23 
24 
^125 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 



51 
50 
49 
48 
47 
46 
45 
44 
43 
42 
41 
40 
39 
38 
37 
36 
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BLOCK DIAGRAM 

W1 /I01-W16/I016 
? ? ? ?-? ? ? ? 



OUTPUT BUFFER 

"^T^N 



3k 



INPUT BUFFER 



S|J5|6|SI5SSS|S 
????????? 



TIMING GENERATOR 



S01-S016 
? ? ? ?■■■? ? ? ? 



SERIAL OUTPUT 
BUFFER 
5^ 




£>— ° QSF 



COLUMN ADDRESS 
BUFFER (9bits) 



ROW ADDRESS 




REFRESH 




BUFFER Obits) 


<= 


COUNTER 





TT 



3f 



v C c v ss 
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ABSOLUTE MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


NOTE 


Vin» V oux 


Input Output Voltage 


— 1.0-7.0 


V 


1 


V CC 


Power Supply Voltage 


— 1.0-7.0 


V 


1 


T OPR 


Operating Temperature 


0-70 


°c 




T STG 


Storage Temperature 


— 55-150 


°c 




^SOLDER 


Soldering Temperature • Time 


260»10 


°C«sec 




P D 


Power Dissipation 


1 


W 




^OUT 


Short Circuit Output Current 


50 


mA 





RECOMMENDED D.C. OPERATING CONDITIONS (Ta = 0~70°C) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


NOTE 


V cc 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


2 


Vm 


Input High Voltage 


2.4 




V cc + 0.3 


V 


2 


v IL 


Input Low Voltage 


- 1.0 




0.8 


V 


2 



CAPACITANCE (V cc = 5V, f = 1MHz, Ta = 25°C) 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNIT 


C 

I 


Input Capacitance 




7 


pF 


C 

IO 


Input/Output Capacitance 




9 


Co 


Output Capacitance (QSF) 




9 



Note: This parameter is periodically sampled and is not 100% tested. 
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D.C. ELECTRICAL CHARACTERISTICS (V cc = 5V ± 10%, Ta = 0~70°C) 



ITEM (RAM PORT) 


SAM PORT 


SYMBOL 


-60 


-70 


UNIT 


NOTE 


MIN. 


MAX. 


MIN. 


MAX. 


OPERATING CURRENT 
/RAS,CASCycling\ 
\ t RC = t RC min - / 


Standby 


icci 




110 




100 




3,4,5 


Active 


IcCIA 




160 




150 




3,4,5 


STANDBY CURRENT 
(RAS, CAS = V IH ) 


Standby 


ICC2 




10 




10 






Active 


I(X2A 




60 




60 




3,4 


RAS ONLY REFRESH CURRENT 
/RAS Cycling, CAS - V IH \ 
I l RC = l RC min - J 


Standby 


ICC3 




110 




100 




3 


Active 


I(X3A 




160 




150 




3 


PAGE MODE CURRENT 

/ RAS - V IL , CAS Cycling \ 
\ t PC = t RC min - ) 


Standby 


ICC4 




100 




90 




3,4,5 


Active 


^CC4A 




150 




140 


mA 


3,4,5 


CAS BEFORE RAS REFRESH CURRENT 
/ RAS Cycling, CAS Before RAS\ 

I l RC = l RC min - i 
\ / 


Standby 


^CC5 




110 




100 


3 


Active 


ICC5A 




160 




150 




3 


DATA TRANSFER CURRENT 
/RAS,CASCycling\ 
\tRC = tRC min - J 


Standby 


ICC6 




130 




120 




3,4,5 


Active 


!CC6A 




180 




170 




3,4,5 


FLASH WRITE CURRENT 
/ RAS, CAS Cycling \ 
( t RC = t RC min - J 


Standby 


l CCl 




110 




100 




3,4,5 


Active 


!CC7A 




160 




150 




3, 4,5 


BLOCK WRITE CURRENT 
/ RAS, CAS Cycling \ 
^tRC = t RC min - ) 


Standby 


!CC8 




120 




110 




3, 4,5 


Active 


^CSA 




170 




160 




3,4,5 



ITEM 


SYMBOL 


MIN. 


MAX 


UNIT 


NOTE 


INPUT LEAKAGE CURRENT 

0V < V IN < V cc + 0.3V, All other pins not under test = 0V 


!l(L) 


—10 


10 


MA 




OUTPUT LEAKAGE CURRENT 

0V < V OU T 2 V CC + °- 3v > OutputDisable 


!o(L) 


—10 


10 


liA 




OUTPUT "H" LEVEL VOLTAGE (RAM and SAM) 
r OUT = - 1mA 


V OH 


2.4 




V 




OUTPUT "L" LEVEL VOLTAGE (RAM and SAM) 
Iqut = 2.1mA 


Vol 




0.4 


V 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS (V cc = 5V ± 10%, Ta = 0~70°C)(Notes: 6, 7) 



SYMBOL 


PARAMETER 


-60 


-70 


UNIT 


NOTE 


MIN. 


MAX. 


MIN. 


MAX 


4iC 


Random Read or Write Cycle Time 


115 




130 








^RMW 


Read-Modify-Write Cycle Time 


140 




180 








^PC 


Fast Page Mode Cycle Time 


35 




40 








^PRMW 


Fast Page Mode Read-Modify-Write Cycle 
Time 


85 




85 








l RAC 


Access Time from RAS 




60 




70 




13 


l AA 


Access Time from Column Address 




30 




35 




13 


l CAC 


Access Time from CAS 




15 




20 




14 


*CPA 


Access Time from CAS Precharge 




30 




35 




14 


l CLZ 


CAS to Output in Low-Z 
















t0FF 


Output Buffer Turn-Off Delay 





15 





15 




9, 15 


t T 


Transition Time (Rise and Fall) 


3 


50 


3 


50 




8 


l RP 


RAS Precharge Time 


45 




50 








l RAS 


RAS Pulse Width 


60 


10000 


70 


10000 






'•RASP 


RAS Pulse Width (Fast Page Mode Only) 


60 


100000 


70 


100000 






l RSH 


RAS Hold Time 


20 




20 








l CSH 


CAS Hold Time 


60 




70 








l CAS 


CAS Pulse Width 


15 


10000 


20 


10000 






l RCD 


RAS to CAS Delay Time 


20 


40 


20 


50 


ns 


13 


l RAD 


RAS to Column Address Delay Time 


15 


30 


15 


35 


13 


tRAL 


Column Address to RAS Lead Time 


30 




35 








l CRP 


CAS to RAS Precharge Time 


5 




5 








l CPN 


CAS Precharge Time 


10 




10 








tcp 


CAS Precharge Time (Fast Page Mode) 


10 




10 








1 asr 


Row Address Set-Up Time 
















l RAH 


Row Address Hold Time 


10 




10 








l ASC 


Column Address Set-Up Time 
















l CAH 


Column Address Hold Time 


10 




10 








l RCS 


Read Command Set-Up Time 
















l RCH 


Read Command Hold Time 














10 


l RRH 


Read Command Hold Time referenced to RAS 














10 


twCH 


Write Command Hold Time 


10 




10 








%P 


Write Command Pulse Width 


10 




10 








%PZ 


Write Command Pulse Width 


10 




10 






9 


l WE7, 


Write Command Output Buffer Turn-Off Delay 




10 




15 




9 


tRWL 


Write Command to RAS Lead Time 


20 




20 








l CWL 


Write Command to CAS Lead Time 


20 




20 








l DS 


Data Set-Up Time 














12 
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SYMBOL 


PARAMETER 


- 


60 




70 


UNIT 


NOTE 


MIN. 


MAX 


MIN. 


MAX 


l DH 


Data Hold Time 


10 




10 






11 


%CS 


Write Command Set-Up Time 














12 


l RWD 


RAS to WE Delay Time 


80 




90 






12 


l AWD 


Column Address to WE Delay Time 


50 




55 






12 


l CWD 


CAS to WE Delay Time 


40 




40 






12 


l DZC 


Data to CAS Delay Time 
















l DZO 


Data to OE Delay Time 
















l OEA 


Access Time from OE 




15 




20 


ns 




l OEZ 


Output Buffer Turn-off Delay from OE 




15 




15 


9 


toED 


OE to Data Delay Time 


10 




10 








tOEH 


OE Command Hold Time 


10 




10 








toDS 


Output Disable Set up time 
















l ROH 


RAS Hold Time referenced to OE 


15 




15 








l CSR 


CAS Set-Up Time for CAS Before RAS Cycle 


5 




5 








l CHR 


CAS Hold Time for CAS Before RAS Cycle 


15 




15 








l RPC 


RAS Precharge to CAS Active Time 
















l REF 


Refresh Period (512cycle) 




8 




8 


ms 




l WSR 


WB Set-Up Time 
















l RWH 


Wl Hold Time 


10 




10 








l FSR 


DSF Set-Up Time referenced to RAS 
















tRFH 


DSF Hold Time referenced to RAS(l) 


10 




10 








l FSC 


DSF Set-Up Time referenced to CAS 
















l CFH 


DSF Hold Time referenced to CAS 


10 




10 








l MS 


Write-Per-Bit Mask Data Set-Up Time 
















l MH 


Write-Per-Bit Mask Data Hold Time 


10 




10 








^THS 


DT High Set-Up Time 
















^THH 


DT High Hold Time 


10 




10 








^TLS 


DT Low Set-Up Time 
















tTLH 


DT Low Hold Time 


10 


10000 


10 


10000 


ns 




tRTH 


DT Low Hold Time referenced to RAS 
(Real Time Read Transfer) 


55 


10000 


60 


10000 






l ATH 


DT Low Hold Time referenced to Column 
Address (Real Time Read Transfer) 


25 




25 








l CTH 


DT Low Hold Time referenced to CAS 
(Real Time Read Transfer) 


20 




20 








TRP 


DT to RAS Precharge Time 


45 




50 








t Tp 


DT Precharge Time 


10 




15 








l RSD 


RAS to First SC Delay Time (Read Transfer) 


60 




70 








l ASD 


Column Address to First SC Delay Time 
(Read Transfer) 


30 




35 








l CSD 


CAS to First SC Delay Time (Read Transfer) 


20 




20 
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SYMBOL 


PARAMETER 


-60 


-70 


UNIT 


NOTE 


MIN. 


MAX. 


MIN. 


MAX. 


tTSL 


Last i>L, to u i Lead i lme 
(Real Time Read Transfer) 


5 




5 








t 


DT to First SC Delay Time (Read Transfer) 


10 




10 








t 


Last SC to RAS Set-Up Time (Serial Input) 


18 




23 








t 


SC Cycle Time 


18 




23 








t 


SC Pulse Width (SC High Time) 


5 




10 








SCP 


SC Precharge Time (SC Low Time) 


5 




5 










Access Time from SC 




15 




20 






t 


Serial Output Hold Time from SC 


5 




5 








t 


Access Time from SE 




15 




20 






t 


SE Pulse Width 


10 




20 








t 


SE Precharge Time 


10 




20 








t 


Serial Output Buffer Turn-off Delay from SE 




15 




15 




9 


l STS 


Split Transfer Set-Up Time 


18 




23 








^STH 


Split Transfer Hold Time 


18 




23 










SC-QSF Delay Time 




15 




20 






t 


DT-QSF Delay Time 




15 




20 






t 


CAS-QSF Delay Time 




15 




20 






t 


RAS-QSF Delay Time 




60 




70 






t 


RAS to CAS Delay Time (Pipeline mode) 


20 


35 


20 


40 






tcSHP 


CAS Hold Time (Pipeline mode) 


45 




50 




ns 




Wp 


Access Time from RAS (Pipeline mode) 




85 




90 






tcACl 


Access Time from CAS (1) (Pipeline mode) 




15 




20 






l CAC2 


Access Time from CAS (2) (Pipeline mode) 




50 




50 






l CASP 


CAi> rulse width (Pipeline mode) 


10 




10 








l CPP 


CAS Precharge Time (Pipeline mode) 


10 




10 








tpcp 


Fast Page Mode Cycle Time (Pipeline mode) 


30 




30 








tcOH 


CAS Hold Time referenced to OE 
(Pipeline mode) 


5 




5 








tRSHl 


RAS Hold Time (1) (Pipeline mode) 


20 




20 








tRSH2 


RAS Hold Time (2) (Pipeline mode) 


50 




50 








tcWLP 


Write Command to CAS lead Time 
(Pipeline mode) 


10 




10 








l CWP 


WE to CAS Delay Time (Pipeline mode) 


30 




30 








t 0FFP 


Output Butier turn - on Delay trom RAa 
(Pipeline mode) 


U 


1 c 

1 J 


u 


Id 




9, 15 


toEP 


OE High width 


10 




10 






16 


tECS 


CAS High to OE Low (Fast Page mode) 


10 




10 






16 


t-ECH 


OE High to CAS Low (Fast Page mode) 


10 




10 






16 


tTSAA 


Boundary TAP SC Set-up time 
















tsATT 


SRT inhibit after Boundary SC 


36 




46 
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A.C. MEASUREMENT CONDITION 



RAM Output Reference Level 


2.0V/0.8V 


SAM Output Reference Level 


2.0V/0.8V 


RAM Output Load 


1 TTL and 50PF 


SAM Output Load 


1 TTL and 30PF 


Input Reference Level 


2.2V/1.0V. 



NOTES: 



1 . Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to 
the device. 

2. All voltage are referenced to V ss . 

3. These parameters depend on cycle rate. 

4. These parameters depend on output loading. Specified values are obtained with the output open. 
(I out=0mA) 

5. Address can be changed once or less while RAS=V IL . In case of I CC4 , it can be changed once or less 
during a fast page mode cycle (t PC ). 

6. After power-up, a pause of 200 (^seconds minimum is required with RAS and DT/OE held "high". After 
the pause, a minimum of 8 CBR dummy cycles must be required. 

7. AC measurements assume t x 5ns. (Between V IH (min -, and V IL ( max )) 

8- t 0FF (max } , t OEZ (max ), t OFFP ( max .), twps ( m ax.)' %ez (max.)- md 1 sez (max.) define the time at which the 
outputs achieve the open circuit condition and are not referenced to output voltage levels. 

9. Either t RCH or t RRH must be satisfied for a read cycles. 

10. These parameters are referenced to CASL / CASU leading edge of early write cycles and to WB / WE 
leading edge in OE-controlled write cycle and read-modify-write cycles. 

1 1 . t wcs , t RWD , t CWD and t AWD are not restrictive operating parameters. They are included in the data sheet 
as electrical characteristics only. If t W cs - twcs (min.)' tne cycle is an early write cycles and the data out 
pin will remain open circuit (high impedance) throughout the entire cycle; If t RWD > t RW1D ( mm .), t CW o 
- tcwD (min.) an ^ 1 awd - 1 awd (min.) me cycle is a read-modify- write cycle and the data out will contain 
data read from the selected cell: If neither of the above sets of conditions is satisfied, the condition of 
the data out (at access time) is indeterminate. 

12. Operation within the t RCD ( max .) limit insures that t RAC ( max .) can be met. t RCD ( max .) is specified as a 
reference point only: If t RCD is greater than the specified t RCD (max limit, then access time is controlled 
by tcAC- 

13. Operation within the tj^o ( max .) limit insures that ( max .) can be met. tj^o ( max .) is specified as a 
reference point only: If t^D is greater than the specified t^rj (max ) limit, then access time is controlled 
by t AA - 

14. t OFF , t OFFP timing is specified from either RAS or CASL / CASU rising edge, whichever occurs last. 

15. TC524265 only 



TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



C-361 



TC524262,TC524265 



TIMING WAVEFORM 
READ CYCLE *Note 1,2,3 



CASL/CASU 



A0-A8 v |" 



WB/WE 



DSF1 



DSF2 



W1/I01 
-W16/I016 




Vqh- 



"H" or "L" 
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WRITE CYCLE (EARLY WRITE) *Note 1,2,4 

JfiC 



A0-A8 v |" 



DT/OE 



DSF2 



W1 /I01 
-W16/I016 



OUT 




VOH" 



"H" or "L" 



Mask Mode 


*1 


*2 


Cycle 


No Mask Mode 


1 


Don't care 


Normal Write 


New Mask Mode 





WM1 data 


Write per Bit 


Old Mask Mode 





Don't care 


Write per Bit 



WM1 data : Write Disable 
1 :Write Enable 
Don't care or '0' 
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WRITE CYCLE (OE CONTROLLED WRITE) 



*Note 1, 2, 4 



MS 



CASL/CA5U 



A0-A8 



WB/WE 



DT/OT 



DSF1 



DSF2 



W1/I01 
~W16/I016 



OUT 




VoH~_ 
Vql- 



"H" or "L" 



Mask Mode 


*1 


*2 


Cycle 


No Mask Mode 


1 


Don't care 


Normal Write 


New Mask Mode 





WM1 data 


Write per Bit 


Old Mask Mode 





Don't care 


Write per Bit 



WM1 data :Write Disable 
1 :Write Enable 
Don't care :Tor'0' 
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READ - MODIFY - WRITE CYCLE *Note 1 , 2, 3, 4 



tRMW 




Mask Mode 


*1 


*2 


Cycle 


No Mask Mode 


1 


Don't care 


Normal Write 


New Mask Mode 





WM1 data 


Write per Bit 


Old Mask Mode 





Don't care 


Write per Bit 



WM1 data : Write Disable 
1 :Write Enable 
Don't care :T or '0' 
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Mask Mode 


*1 


*2 


Cycle 


No Mask Mode 


1 


Don't care 


Normal Write 


New Mask Mode 





WM1 data 


Write per Bit 


Old Mask Mode 





Don't care 


Write per Bit 



WM1 data : Write Disable 
1 : Write Enable 
Don't care :T or '0' 
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FAST PAGE MODE READ - MODIFY - WRITE CYCLE*Note 1,2, 3, 4 



CASL/£a5U 



tRASP 



WB/WE v 



DT/OT 



W1/I01 
~W16/I016 



OUT 








tCLZ 


tCLZ 


tCLZ 


Mask Mode 


*1 


*2 


Cycle 




No Mask Mode 


1 


Don't care 


Normal Write 


WM1 data 


New Mask Mode 





WM1 data 


Write per Bit 


Don't care 


Old Mask Mode 





Don't care 


Write per Bit 





"H" or "I" 



:Write Disable 

1 :Write Enable 
:'l' or '0' 
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EXTENDED FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 
(TC524265 only) 




Mask Mode 


*1 


*2 


Cycle 


No Mask Mode 


1 


Don't care 


Normal Write 


New Mask Mode 





WM1 data 


Write per Bit 


Old Mask Mode 





Don't care 


Write per Bit 



WM1 data : Write Disable 
1 :Write Enable 
Don't care :T or '0' 
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EXTENDED FAST PAGE MODE READ - MODIFY - WRITE CYCLE 
(TC524265 only) 



DT/OE V ' H ^ 



W1 /I01 
-W16/I016 




Mask Mode 


*1 


*2 


Cycle 


No Mask Mode 


1 


Don't care 


Normal Write 


New Mask Mode 





WM1 data 


Write per Bit 


Old Mask Mode 





Don't care 


Write per Bit 



WM1 data : Write Disable 
1 :Write Enable 
Don't care :T or '0' 
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Mask Mode 


*2 


New Mask Mode 


WM1 data 


Old Mask Mode 


Don't care 



WM1 data 



Don't care 



:Write Disable 

1 :Write Enable 

:'l' or '0' 
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BLOCK WRITE CYCLE (EARLY WRITE) 



*NOTE 1,2,4 



A0~A8 



DT/OE 



W1 / 101 
~W16/I016 




V H- 
VOL- 



"H" or "L" 



*3) COLUMN SELECT 



Mask 
Mode 


*1 


*2 


No Mask 


1 


Don't 


Mode 


care 


New Mask 





WM1 


Mode 


data 


Old Mask 





Don't 


Mode 


care 



WM1 data : Write Disable 
1 '.Write Enable 
Don't care :T or '0' 



Lower Byte 












Wl/IOl 


-Column 


(A2C = 


0, A1C = 


0, A0C - 


0) 


W2/I02 


-Column 1 


(A2C = 


0, A1C = 


0, A0C = 


1) 


W3/I03 


-Column 2 


(A2C = 


0, A1C = 


1,A0C = 


0) 


W4/104 


-Column 3 


(A2C = 


0, A1C = 


1, A0C = 


1) 


W5A05 


-Column 4 


(A2C = 


1, A1C = 


0, A0C = 


0) 


W6/106 


-Column 5 


(A2C = 


1, A1C = 


0, A0C = 


1) 


W7A07 


-Column 6 


(A2C = 


1, A1C = 


1, A0C = 


0) 


W8A08 


-Column 7 


(A2C = 


1, A1C = 


1, A0C = 


1) 


Upper Byte 












W9/I09 


-Column 


(A2C = 


0, A1C = 


0, A0C = 


0) 


W10/IO10 


-Column 1 


(A2C = 


0, A1C = 


0, A0C = 


1) 


Wll/IOll 


-Column 2 


(A2C = 


0, A1C = 


1, A0C = 


0) 


Wl 2/10 12 


-Column 3 


(A2C = 


0, A1C- 


1, A0C = 


1) 


W13A013 


-Column 4 


(A2C = 


1, A1C = 


0, AOC = 


0) 


W14/I014 


-Column 5 


(A2C = 


1, A1C = 


0, AOC = 


1) 


W15/I015 


-Column 6 


(A2C = 


1, A1C = 


1, AOC- 


0) 


W16/I016 


-Column 7 


(A2C = 


1, A1C = 


1, A0C = 


1) 



\ Wn/IOn 

V =0: Disable 

/ = 1 : Enable 
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BLOCK WRITE CYCLE (DELAYED WRITE *NOTE 1,2,4 



RAS 



A0~A8 



DT/OE 



W1/I01 
~W16/I016 




VoH" 
Vol ■ 



"H" or "L" 



*3) COLUMN SELECT 



Mask 
Mode 


*1 


*2 


No Mask 
Mode 


1 


Don't 
care 


New Mask 
Mode 





WM1 
data 


Old Mask 
Mode 





Don't 
care 



WM1 data : Write Disable 
1 :Write Enable 
Don't care :'l'or'0' 



Lower Byte 












Wl/IOl 


-Column 


(A2C = 


0, A1C = 


0, A0C = 


o; 


W2/I02 


-Column 1 


(A2C = 


0, A1C = 


0, A0C = 


i] 


W3/I03 


-Column 2 


(A2C = 


0, A1C = 


1, A0C = 


o; 


W4/104 


-Column 3 


(A2C = 


0, A1C = 


1,A0C = 


i] 


W5/105 


-Column 4 


(A2C = 


1, A1C = 


0, A0C = 


o; 


W6/106 


-Column 5 


(A2C = 


1, A1C = 


0, A0C = 


i] 


W7/107 


-Column 6 


(A2C = 


1, A1C = 


1, A0C = 


o: 


W8/108 


-Column 7 


(A2C = 


1, A1C = 


1, A0C = 


r 


Upper Byte 












W9/I09 


-Column 


(A2C = 


0, A1C = 


0, A0C = 




W10/IO10 


-Column 1 


(A2C = 


0, A1C = 


0, A0C = 


i: 


Wll/IOll 


-Column 2 


(A2C = 


0, A1C = 


1, A0C = 





W12/I012 


-Column 3 


(A2C = 


0,A1C = 


1, A0C = 


i; 


W13/1013 


-Column 4 


(A2C = 


1, A1C = 


0, A0C = 





W14/I014 


-Column 5 


(A2C = 


1, A1C = 


0, A0C = 


r 


W15/I015 


-Column 6 


(A2C = 


1,A1C = 


1, A0C = 





W16/I016 


-Column 7 


(A2C = 


1, A1C = 


1,A0C = 


l 



Wn/IOn 
= : Disable 
= 1 : Enable 
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Mask 
Mode 


*1 


*2 


No Mask 


1 


Don't 


Mode 


care 


New Mask 





WM1 


Mode 


data 


Old Mask 





Don't 


Mode 


care 



*3) COLUMN SELECT 
Lower Byte 



WM1 data : Write Disable 
1 : Write Enable 
Don't care :'l'or'0' 



Wl/IOl 


-Column 


(A2C = 


0, A1C = 


0, A0C = 


0) 


W2/I02 


-Column 1 


(A2C = 


0, A1C = 


0, A0C = 


1) 


W3/I03 


-Column 2 


(A2C = 


0, A1C = 


1, A0C = 


0) 


W4/104 


-Column 3 


(A2C = 


0,A1C = 


1, A0C = 


1) 


W5/105 


-Column 4 


(A2C = 


1, A1C = 


0, A0C = 


0) 


W6/106 


-Column 5 


(A2C = 


1, A1C = 


0, AOC = 


1) 


W7A07 


-Column 6 


(A2C = 


1, A1C = 


1, A0C = 


0) 


W8/108 


-Column 7 


(A2C = 


1, A1C = 


1, AOC = 


1) 


Upper Byte 












W9/I09 


-Column 


(A2C = 


0, A1C = 


0, AOC = 


0) 


W10/IO10 


-Column 1 


(A2C = 


0, A1C = 


0, AOC = 


1) 


Wll/IOll 


-Column 2 


(A2C = 


0, A1C = 


1, A0C = 


0) 


W12/I012 


-Column 3 


(A2C = 


0, A1C = 


1, A0C = 


1) 


W13/1013 


-Column 4 


(A2C = 


1, A1C = 


0, AOC = 


0) 


W14/I014 


-Column 5 


(A2C = 


1, A1C = 


0, AOC = 


1) 


W15/I015 


-Column 6 


(A2C = 


1, A1C = 


1, A0C = 


0) 


W16/I016 


-Column 7 


(A2C = 


1, A1C = 


1, A0C = 


1) 



\ Wn/IOn 

V = : Disable 

/ = 1 : Enable 
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CBR AUTO REFRESH & RESET CYCLE 
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LOAD MASK/COLOR REGISTER CYCLE *Note 5 



CASL/CASU 



A0-A8 



DT/OE 



W1/I01 
-W16/I016 




(Early Write) 



CASL 


CASU 


*1 


*2 


Cycle 











Mask data 


Load Mask Register 


1 


Color data 


Load Color Register 





1 





Mask data 


Load Mask Register (Lower Byte) 


1 


Color data 


Load Color Register (Lower Byte) 


1 








Mask data 


Load Mask Register (Upper Byte) 


1 


Color data 


Load Color Register (Upper Byte) 
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READ MASK / COLOR REGISTER CYCLE 



CASL/CASU v|l _ 



A0-A8 ^ 



DT/OE 



V| H -% 

WB/WE v j" ^ 



DSF1 



DSF2 



WW 101 V 0H 
~W16/I016 Vol — 




"H" or "L" 



CASL 


CASU 


*1 


*2 


Cycle 











Mask data 


Load Mask Register 


1 


Color data 


Load Color Register 





1 





Masky data 


Load Mask Register (Lower Byte) 


1 


Color data 


Load Color Register (Lower Byte) 


1 








Mask data 


Load Mask Register (Upper Byte) 


1 


Color data 


Load Color Register (Upper Byte) 
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Mask Mode 


*1 


*2 


Cycle 


No Mask Mode 


1 


Don't care 


Normal Write 


New Mask Mode 





WM1 data 


Write per Bit 


Old Mask Mode 





Don't care 


Write per Bit 



WM1 data : Write Disable 
1 : Write Enable 
Don't care :T or '0' 
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PIPELINED FAST PAGE READ - WRITE CYCLE 




Mask Mode 


*1 


*2 


Cycle 


No Mask Mode 


1 


Don't care 


Normal Write 


New Mask Mode 





WM1 data 


Write per Bit 


Old Mask Mode 





Don't care 


Write per Bit 



WM1 data : Write Disable 
1 :Write Enable 
Don't care :T or '0' 
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Mask Mode 


*1 


*2 


Cycle 


No Mask Mode 


1 


Don't care 


Normal Write 


New Mask Mode 





WM1 data 


Write per Bit 


Old Mask Mode 





Don't care 


Write per Bit 



WM1 data : Write Disable 
1 :Write Enable 
Don't care :T or '0' 
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Mask 
Mode 


*1 


*2 


No Mask 


1 


Don't 


Mode 


care 


New Mask 





WM1 


Mode 


data 


Old Mask 





Don't 


Mode 


care 



*3) COLUMN SELECT 
Lower Byte 



WM1 data : Write Disable 
1 :Write Enable 
Don't care :Tor'0' 



Wl/IOl 
W2/I02 
W3/I03 
W4/104 
W5A05 
W6/106 
W7/107 
W8/108 
Upper Byte 
W9/I09 
W10/IO10 
Wll/IOll 
W12/I012 
W13/1013 
W14/I014 



-Column 
-Column 1 
-Column 2 
-Column 3 
-Column 4 
-Column 5 
-Column 6 
-Column 7 

-Column 
-Column 1 
-Column 2 
-Column 3 
-Column 4 
-Column 5 



W15/I015 -Column 6 
W16/I016 -Column 7 



A2C: 
A2C: 
A2C : 
A2C = 
A2C : 

A2C : 

A2C : 
A2C : 

A2C: 
A2C : 

A2C : 

A2C: 
A2C : 

A2C : 

A2C: 

A2C • 



AlC-0,A0C-0 
A1C = 0, AOC = 1 
A1C= 1, aoc = o; 
A1C= 1, A0C = 1 
A1C = 0, aoc = o; 
A1C = 0, A0C= 1 

A1C= i, aoc = o; 

A1C= 1, A0C = 1 

aic = o, aoc = o; 

A1C = 0, A0C= 1 

A1C= i, aoc = o; 

A1C= 1, A0C= 1 
A1C = 0, A0C = 
A1C = 0, A0C= 1 
A1C= 1, A0C = 0; 
A1C= 1, A0C= 1 
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SPLIT READ TRANSFER CYCLE 



RAS" 



Viu — " 

Ca5l/Ca5D v |" _ 



A0-A8 I 



WB/WE J» J 




Lower SAM 0-127 
Upper SAM 128-255 



Note : SE = V, L 



: "H" or "L" 
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PIN FUNCTION 

ADDRESS INPUTS : A - A 8 

The 18 address bits required to decode 16 bits of the 4,194,304 cell locations within the dynamic RAM 
memory array and they are multiplexed onto 9 address input pins (AQ~Ag). Nine row address bits are latched 
on the falling edge of the row address strobe (RAS) and the following nine column address bits are latched on 
the falling edge of the column address strobe (CASL/CASU). 

ROW ADDRESS STROBE : RAS 

A random access cycle or a data transfer cycle begins at the falling edge of RAS. RAS is the control input 
that latches the row address bits and the states of CASL/CASU, DT/OE, WB/WE, DSF1 and DSF2 to invoke 
the various random access and data transfer operating modes shown in Table 1 . 

RAS has minimum and maximum pulse widths and a minimum precharge requirement which must be 
maintained for proper device operation and data integrity. The RAM port is placed in standby mode when the 
RAS control is held "high". 

COLUMN ADDRESS STROBE : CASL/CASU 

CASL/CASU is the control input that latches the column address bits which are also used for the tap 
address during the transfer operations. The state of the special function input DSF1 is read at the CASL/CASU 
falling edge to select the block write mode or load register functions in conjunction with the RAS control. CAS 
before RAS refresh operations are selected if the signal is "low" at the RAS falling edge. 

DATA TRANSFER/OUTPUT ENABLE : DT/OE 

The DT/OE input is a multifunction pin. When DT/OE is "high" at the falling edge of RAS, RAM port 
operations are performed and DT/OE is used as an output enable control. If it is "low", a data transfer operation 
is activated between the RAM and the SAM. 
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WRITE PER BIT/WRITE ENABLE : WB/WE 

The WB/WE input is also a multifunction pin. When the signal is "high" at the falling edge of RAS, during 
RAM port operations, it is used to write data into the memory array in the same manner as a standard DRAM. 
If the signal is "low" at the RAS falling edge, the write - per - bit function is enabled. 

WRITE MASK DATA/DATA INPUT AND OUTPUT : Wi/IOj-W^/IO^ 

Data is written into the RAM through Wj/IO^Wjg /I0 16 pins during a write cycle. The input data is 
latched at the falling edge of either CASL/CASU or WB/WE, whichever occurs late. In a read cycle data is read 
out of the RAM on the Wj/IO; pins after the specified access times from RAS, CAS, DT/OE and column address. 
The Lower and Upper 8 bits are also used as the column address mask during a block white cycle. The each 8 
bits correspond to Lower/Upper byte column. 

When the write-per-bit function is enabled, the mask data on the Wj/IO; pins is latched into the write mask 
register at the falling edge of RAS. In a load mask and color register cycles, the data on the Wj/TOj pins is stored 
into the write mask register and the color register respectively. 

SERIAL CLOCK: SC 

All operations of the SAM port are synchronized with the serial clock SC. Data is shifted out of the SAM 
registers at the rising edge of SC. The serial clock SC also increments the 9-bits serial pointer which is used to 
select the SAM address. The SC pin must be held at a constant V IH or V 1L level during read transfer operations 
and should not be clocked while the SAM is in standby mode to prevent the SAM pointer from being 
incremented. 

No control signal disable SC input, and in any time SC toggle cause SAM pointer drarge regardless Sout 
(controlled by SE). 
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SERIAL ENABLE : SE 

The SE input is used to enable serial access operation. In a serial read cycle, SE is used as an output control. 
When SE is "high", serial access is disabled, however, the serial address pointer location is still incremented 
while SC is clocked. 

SPECIAL FUNCTION CONTROL INPUT : DSF1, DSF2 

DSFl is latched at the falling edge of RAS and CAS to select the various TC524262/265 operations. If the 
signal is kept "low", the basical functions featured in conventional multi - port DRAM are enabled. To use the 
block write, the flash write and the load register functions or the split transfer operations, the DSF 1 signal needs 
to be controlled as shown in Table 1. 

When the DSF 2 signal is "high" at the falling edge of RAS, pipelined page mode operations are enabled. 
The pipeline mode is supported with the read, write and block write functions. 

SPECIAL FUNCTION OUTPUT: QSF 

QSF is an output signal which, during split register mode, indicates which half of the split SAM is being 
accessed. QSF "low" indicates that the lower split SAM (Bit 0~255) is being accessed and QSF "high" indicates 
that the upper split SAM (Bit 256~5 1 1) is being accessed. QSF is monitored so that after it toggles and waiting 
a delay of t STS , split read transfer operation can be performed on the non-active split SAM. 

SERIAL OUTPUT: SO^ S0 16 

Serial output SOj~S0 16 are the output pin of SAM register. SAM data out is valid t SCA after SC rising 
edge. These SOp-SO^ output is controlled by SE. SO, is going to Hi-Z state when SE goes high. 

OPERATION MODE 

The RAM port and data transfer operating of the TC524262/265 are determined by the state of CASL/ 
CASU, DT fOE, WB / WE, DSF 1 and DSF 2 at the falling edge of RAS and by the state of DSFl at the falling 
edge of CAS. The Table 1 shows the functional truth table for a listing of all available RAM port and transfer 
operations. 
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Table 1 . Functional Truth Table 







RASI 


t.. 




CASl_ 


Mnemonic 
Code 




CASL/ 
CASU 


DT/ 
OE 


WB/ 
WE 






T^QTh 1 
UOF 1 


Function 





* 


* 





* 


- 


CBR 


CBR Auto Refresh & Option Reset !) - 2) 





* 





1 


* 


— 


CBRS 


CBR Auto Refresh & Stop Register Set 2) 





* 


1 


1 


* 




CBRN 


CBR Auto Refresh 


1 





1 





* 


■ 


RT 


Read Transfer 


1 





1 


1 


* 


* 


SRT 


Split Read Transfer 


1 


1 














RWM 


Read Write (New/Old Mask) 1 ' 


1 


1 











1 


BWM 


Block Write (New/Old Mask) 1 ) 


1 


1 





1 


* 


* 


FWM 


Flash Write (New/Old Mask) 1} 


1 


1 


1 











RW 


Read Write (No Mask) 


1 


1 


1 








1 


BW 


Block Write (No Mask) 












1 





RWM (P) 


PFP 3) Read Write (New/Old Mask) 1 ' 












1 


1 


BWM (P) 


PFP 3) Block Write (New/old Mask) 1} 






1 





1 





RW(P) 


FFP 3) Read Write (No Mask) 






1 





1 


1 


BW(P) 


PFP 3) Block Write (No Mask) 






1 


1 


* 





LMR 


Load (Old) Mask Register !) 






1 


1 


* 


1 


LCA 


Load Color Register 



= or 1 , - = Not applicable. 

After LMR operation, RWM, BWM, FWM, RWM (P), BWM (P) use old mask. Either CBR 
operation or LMR operation with no mask bits resets the old mask mode to new mask mode. 
CBRS operation determines binary boundaries in the SAM. CBR operation resets the boundaries. 
PFP stands for pipelined fast page mode. 

The state of CASL/CASU is defined as Logical "AND" of CASL and CASU state. 
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RAM PORT OPERATION 

1. READ WRITE FUNCTION : RW 

The TC524262 / 265 is equipped with the read write function which is identical to the conventional 
dynamic RAM's one and supports read, early write, OE controlled write and read-modify-write cycles as shown 
in the timing charts. Extended fast page (TC524265) and pipelined page modes are also available with the read 
write cycles by performing multiple CAS cycles during a single active RAS cycle. 

1.1 EXTENDED FAST PAGE MODE (TC524265) 

Extended fast page mode allows faster access to the memory in an actual system than the conventional fast 
page mode. An output data remains valid after the CAS signal goes high to prepare the next output data. Thus, 
the system has longer period to read the data from the RAM. Read, write and read-modify-write cycles are 
available during the extended fast page mode. 

2. WRITE-PER-BIT (MASKED WRITE) FUNCTION : RWM 

The write-per-bit (masked write) function selectively controls the internal write enable circuits of the 
RAM port. When WE is held "low" at the falling edge of RAS, during the RWM cycle, the write mask is 
enabled. At the same time, the mask data on the Wj/IO; pins is latched into the write-mask register. The I/O mask 
data maintains in a single RAS cycle, a page (New Mask Mode). When a load mask register function (LMR) is 
performed, the write mask data on the Wi/IOj pins is latched into the write-mask register. After the LMR 
operation, the data at the falling edge of RAS during the RWM cycle is ignored and the I/O mask data that was 
stored in the write-mask register is used (Old Mask Mode) until the mode is reset by either CBR operation or 
LMR operation with no mask bits. The truth table of the write-per-bit functon is shown in Table 2. 

Table 2. Truth table for write-per-bit function 



At the falling edge of RAS 


Write Mask Register 


Function 


CASL/CASU 


DT/OE 


WB/WE 


Wi/IO/i (i = 1-16) 


H 


H 


L 


1 


<— 


Write Enable 





<— 


Write Disable (New Mask) 


* 


1 


Write Enable 


* 





Write Disable (Old Mask) 



Note:* = 1 or , <- = The data on Wj/IOj is latched. 



3. BLOCK WRITE AND MASKED BLOCK WRITE : BW &B WM 

Block write is a special RAM port write operation which, in a page, allows for the data in the color register 
to be written into 8 consecutive column address locations starting from a selected column address in a selected 
row. The block write operation can be selectively disabled on an I/O basis and a column mask capability is also 
available. 
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A block write cycle is performed by holding CASL/CASU, DT/OE "high" and DSF1 "low" at the RAS 
falling edge and by holding DSF1 "high" at the CASL/CASU falling edge. If the DSF signal is "low" at the 
CASL/CASU falling edge, a normal read write operation will occur. Therefore, a combination of block write, 
read and write operations can be performed during a fast page mode cycle. The state of WB/WE input at the 
falling edge of RAS determines whether or not the I/O mask is enabled (WB/WE must be "low" to enable the 
I/O mask, BMW mode or "high" to disable it, BW mode). The I/O mask is provided on the Wj/IO; input at the 
RAS falling edge. After LMR operation, however, the old mask is used for the I/O mask function. The column 
mask data on the W/IOj input must be provided at the CASL/CASU or WB/WE falling edge whichever is late, 
while the six most significant colunm address (A3C ~ A8C) are latched at the falling edge of CASL/CASU. This 
latched column address determines the start column address of consecutive block. 

The block write is most effective for window clear and fill operation in frame buffer applications. 
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Figure 1. Block Write Operation 



Internal 
CSS 



Column A3C-8C) 



mfflSZ -. Column Mask) 



r 









mi \ 


H 











Example (Shown on Lower byte. The ! 



n 


*2 


Mask Mode 


1 


Don't Care 


No Mask Mode 





WM1 


New Mask Mode 





Don't Care 


Old Mask Mode 



Early Write 



Delayed Write 



manner on Upper byte) 





W/IO 




1 


2 


3 


4 


5 


6 


7 


8 


WMl Register (Lower) 


1 




(9) 




1 








Column Select (Lower byte) 


1 




i 


i 


1 


Q> 




i 


Color Register (Lower) 


1 





i 





1 


i 









Result 




Application 

* High Speed Window Cear 

• High Speed Rectangular Fill 



*3) COLUMN MASK 



Lower Byte u PP er Bvte 



W l/IOl 


-Column (A2C = 


0, A1C = 


0, AOC = 


0) 


W9/I09 


-Column (A2C = 


0,A1C = 


0, AOC = 


0) 


W2/I02 


-Column 1 (A2C = 


0, A1C = 


0, AOC = 


1) 


W10/IO10 


-Column 1 (A2C = 


0,A1C = 


0, AOC = 


1) 


W3/I03 


-Column 2 (A2C = 


0, A1C = 


1, A0C = 


0) 


Wll/IOll 


-Column 2 (A2C = 


0,A1C = 


1,A0C = 


0) 


W4/104 


-Column 3 (A2C = 


0, A1C = 


1, A0C = 


1) 


W12/I012 


-Column 3 (A2C = 


0,A1C = 


1,A0C = 


1) 


W5A05 


-Column 4 (A2C = 


1, A1C = 


0, AOC = 


0) 


W13/1013 


-Column 4 (A2C = 


1,A1C = 


0, AOC = 


0) 


W6/106 


-Column 5 (A2C = 


1, A1C = 


0, AOC = 


1) 


W14/I014 


-Column 5 (A2C = 


1,A1C = 


0, AOC = 


1) 


W7/107 


-Column 6 (A2C = 


1, A1C = 


1, A0C = 


0) 


W15/I015 


-Column 6 (A2C = 


1,A1C = 


1,A0C = 


0) 


W8/108 


-Column 7 (A2C = 


1, A1C = 


1, A0C = 


1) 


Wl 6/10 16 


-Column 7 (A2C = 


1,A1C = 


1,A0C = 


1) 



4. FLASH WRITE : FWM 

Flash write is a special RAM port write operation which in a single RAS cycle, allows for the data in the 
color register to be written into all the memory locations of a selected row. Each bit of the color register 
corresponds to one of the DRAM I/O blocks and the flash write operation can be selectively controlled on an 1/ 
O basis in the same manner as the write-per-bit operation. 

A flash write cycle is performed by holding CASL/CASU "high", WB/WE "low" and DSF1 "high" at the 
falling edge of RAS. The mask data must also be provided on the W/IO; inputs in order to enable the flash write 
operation for selected I/O blocks. After a LMR operation, however, the old mask in the mask register is used for 
the I/O block masking. 

Flash write is most effective for fast plane clear operations in frame buffer applications. Selected planes 
can be cleared by performing 512 flash write cycle and by specifying a different row address location during 
each flash write cycle. Assuming a cycle time of 1 30ns, a plane clear operation can be completed in less than 
66.6 ixseconds. 
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Figure 2. Flash Write Operation 

Example (Shown is lower only. The same manner in upper byte.) 




Register 

D5F2 : don't care (H or L) 

Mask 

Data (WM1) 




512 Columns 
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5. PIPELINED FAST PAGE MODE : RWM (P). BWM (P), RW (P), BW (P) 



Pipelined fast page mode allows much faster access to the memory than the conventional page mode. 
Read, write and block write cycles are available at the pipelined fast page mode timings. 

A pipelined fast page mode is performed by holding DSF 2 "high" at the falling edge of RAS. A pipelined 
fast page read, write and block write operations can run at 30ns cycle time. Also, those mode can be selected 
every CAS cycle by the status of DT/OE, WB/WE and DSF 1 pin. There are, however, penalties on the 
performance as follows : 

(1) Two CAS cycles are required for the read operation. The first access, hence, takes longer than page mode. 
Also, one CAS cycle is needed to read out the data before the write cycle starts in the same page. 

(2) One dummy cycle is needed to complete the write and block write operation. The cycle is, thus, needed 
between the write and the read operation and is required before the page ends. 

A system designer needs to carefully estimate the system performances with the pipelined page mode and 
the conventional page mode in order to decide which mode should be used. 



The TC524262/265 has an on-chip 8 bit write-mask register which provides the 1/0 mask data during the 
masked functions such as the write-per-bit (RWM), masked block write (BWM) and flash write (FWM) 
functions. Each bit of the write - mask register corresponds to one of the DRAM I/O blocks. After the mask data 
is specified in the write-mask register by using the load mask register (LMR) cycle, the old mask mode is 
invoked during the masked functions. 

The I/O mask data in the write - mask register maintains until another LMR operation is performed during 
the old mask mode. The LMR cycle is initiated by holding CASL/CASU, DT/OE, WB/WE and DSF1 "high" at 
the falling edge of RAS and by DSF1 "low" at the falling edge of CAS. The data presented on the W/IOj lines 
are subsequently latched into the write-mask register at the falling edge of either CASL/CASU or WB/WE, 
whichever occurs later. The old mask mode is reset to the new mask mode by a CAS before RAS refresh cycle 
(CBR). During the LMR cycle, the memory cells of the row address which is latched at the falling edge of RAS 
are refreshed. 



6. LOAD (OLD) MASK REGISTER : LMR 



Figure 3 State Diagram of Mask Mode 



LMR with at least one mask bit. 








CBR 
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7. LOAD COLOR REGISTER : LCR 

The TC524262 / 265 is provided with an on-chip 8-bits register (color register) for use during the block 
write or flash write function. Each bit of the color register corresponds to one of the DRAM I/O blocks. The load 
color register cycle is initiated by holding CASL/CASU, WB/WH, DT/OE and DSF1 "high" at the falling edge 
of RAS. The data presented on the Wj/IO; lines is subsequently latched into the color register at the falling edge 
of either CASL/CASU or WB/WE, whichever occurs later. During the load color register cycle, the memory 
cells on the row address latched at the falling edge of RAS are refreshed. 

8. REFRESH 

The data in the DRAM requires periodic refreshing to prevent data loss. Refreshing is accomplished by 
performing a memory cycle at each of 512 rows in the DRAM array within the specified 8 ms refresh period. 
The TC524262/265 supports the conventional dynamic RAM refresh operations such as RAS only refresh, CAS 
before RAS refresh and hidden refresh. 



8.1 CAS before RAS Refresh and Option Reset : CBR 

The CBR cycle reset the following functions, performing the CAS before RAS refresh operation at the 
same time. 

• To reset the old mask mode to the new mask mode for the masked functions. 

• To reset the stop register and remove the binary boundaries for the split SAM operation. 

The systems which implement neither the old mask mode nor the binary boundary in the SAM is 
recommended to use the CBR cycle for refresh operation. 
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8.2 CAS before RAS Refresh : CBRN 



The CBRN cycle performs only the CAS before RAS refresh operation. The systems which implement 
either the old mask mode or the binary boundary in the SAM usually use the CBRN cycle for refresh operation 
except for at the required stop register set or option reset cycles. The CBRN cycle must not be used during the 
initialization after power - up. 



8.3 CAS before RAS Refresh and Stop Register Set : CBRS 

The CBRS cycle sets the stop register to place binary boundaries in each half SAM, performing the CAS 
before RAS refresh operation at the same time. The CBRS cycle is initiated by CASL/CASU and WB/WE 
holding "low" and by DSF 1 "high" at the falling edge of RAS. At the same time the data on the address pins, 
A - A 8 is latched and the binary boundaries in each half SAM will be available when a split transfer operation 
is performed. 



Stop Register Value 

A g - An 
11111 



Figure 4 Stop Register and Binary Boundary Location 
Binary Boundary Locations 



1111 



1 1 1 



1 1 



1 





00000000 
000000000 



Last Address of each block 
255, 511 Default Case 



127, 255, 383, 511 



63, 127, 191, 255, 319, 383, 447, 511 



31, 63, 95, 127, 159, 191, 223, 255, 287, 
319, 351, 383, 415, 447, 479, 511 



15, 31, 47, 63, 79, 95, 111, 127, 143, 
159, 175, 191, 207, 223, 239, 255, 271, 
287, 303, 319, 335, 351, 367, 383, 399, 
415, 431, 447, 463, 479, 495, 511 



y These values are not allowed to be set. 
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NOTE 



OE control of Extended Fast Pace mode Read cycle (TC524265) 

When OE is toggled while CAS is "low" level in fast page mode read cycle, the same data is valid on WI/ 
O. However, the data will not be valid when OE goes low with CAS high condition. The data will come out in 
following CAS cycle. Such a OE control have to satisfy t 0EP (10ns min), t ECS (10ns min), t ECH (10ns min). 
Please refer following Figure. 



RAS 



€A~5 




WI/O 



DATA TRANSFER OPERATION 

The TC524262/265 features internal data transfer capability between the RAM and the SAM, as shown in 
Figure 5. During a normal transfer, 512 words by 16 bits of data can be loaded from RAM to SAM (Read 
Transfer). During a split transfer, 256 words by 16 bits of data can be loaded from the lower/ upper half of the 
RAM into the lower/ upper half of the SAM (Split Read Transfer). The normal transfer and split transfer modes 
are controlled by the DSF1 input signal 



512 columns 









512x 16 



256 columns 256 columns 



/ 




t\ 


512x256x16 


512x256x 16 


512 


512x512x 16 


512 


Memory 


Memory 


rows 

\ 


Memory Cell Array 


rows 

\ 


Cell Array 


Cell Array 



256 x 16 



256x 16 



Figure 5. (a) Normal Transfer 



(b) Split Transfer 
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Table 3. shows the truth table of each Transfer Modes 



RAS 


Mnemonic 
Code 


Transfer Mode 


Transfer 
Direction 


Transfer 
Bit 


SAM Port Mode 


CASL/ 
CASU 


DT/ 
OE 


WB/ 
WE 


DSF1 


H 


L 


H 


L 


RT 


Read Transfer 


RAM -SAM 


512x16 


Input - Output 


H 


L 


H 


H 


5RT 


Split Read Transfer 


RAM —SAM 


256x16 


Half SAM active 



9. READ TRANSFER CYCLE : RT 

A read transfer consists of loading a selected row of data from the RAM array into the SAM register. A 
read transfer is invoked by holding CASL/CASU "high", DT/OE "low" WB/WE "high" and DSF 1 "low" at the 
falling edge of RAS. The row address selected at the falling edge of RAS determines the RAM row to be 
transferred into the SAM. The start address of the serial pointer of the SAM (TAP address) is determined by the 
column address selected at the falling edge of CASL/CASU. By doing a tight timing control between the DT/ 
OE rising edge and SC falling edge, a real time read transfer operation can also be performed. 

Figure 6 shows the operation block diagram for read transfer operation. 

Figure 6. Block Diagram for Read Transfer Operation 



TAP Address 



1111 



SAM 



A 



— □ so,~ 16 

Serial Read 



512x16bits 



512x512x16 bits 
Memory Cell Array 



Selected Row 



In a read transfer cycle, the SC clock must be held at a constant Vj L or V IH , after the SC high time has been 
satisfied. A rising edge of the SC clock must not occur until after the specified delay t TSD from the rising edge 
of DT/OE and the falling edge of RAS and CASL/CASU as shown in READ TRANSFER CYCLE timing chart. 
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10. SPLIT READ TRANSFER CYCLE : SRT 

A split read transfer consists of loading 256 words by 16 bits of data from a selected row of the half RAM 
array into the corresponding half SAM in stand-by mode, Serial data can be shifted out of the other half of the 
SAM in active mode simultaneously, as shown in Figure 7. The most significant column address (A8C) is 
controlled internally to determine which half of the SAM will be reloaded from the RAM array. During the split 
read transfer operation, the RAM port control signals do not have to be synchronized with the serial clock SC, 
thus eliminating the timing restrictions as in the case of real time read transfers. Prior to the execution of the 
split read transfer operation, a (normal) transfer operation must be performed to determine the absolute tap 
address location. QSF is an output that indicates which half of the SAM is in the active state. QSF changes state 
when the last SC clock is applied to the active SAM, as shown in Figure 8. 

256 columns 256 columns 



512 
rows 



V 











I I 1 


///////////////J 

Active 


Stand - by 



^ ^ 256x16 



Active SAM 


QSF Level 


lower SAM 


" Low" 


upper SAM 


"High" 



1 

SIO 



Figure 7. Split Read Transfer 



ras \ /// 



SC 




QSF \ 




Figure 8. Example of Consecutive Read Transfer Operations 



t 
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NOTES 

( 1 ) Transfer operation without CASL / CASU. 

The SAM tap location is undefined if CASL / CASU is maintained at a constant "high" level during a 
transfer cycle. A transfer cycle with CASL / CASU held "high" is, hence, not allowed. 



RAS 
CAS 
Address ^ 



Row 



Not 

Allowed 



(2) 



RAS 



CAS 



In the case of multiple split transfers performed into the same half SAM, the tap location specified 
during the last split transfer, before QSF toggles, will prevail, as shown below. 

J \ r ^~\ / 



QSF 



SC 



a r 



a r 



"A 



j 



Address - (Row 1 )(TapT) (Row2)(Tap~2> - J ft — (Row N)(Tap~N) 



lower SAM : Active 
upper SAM : Non-active 



lower SAM : Non-active 



y, 



i Last First upper SAM : Active 
\ Clock Clock 



Multiple Split transfer into upper SAM 
Serial access of lower SAM 



Serial access of upper SAM 
starting at Tap N location 



(3) Split transfer operation allowable period. 

Figure 9 illustrates the relation ship between the serial clock SC and the special function output QSF 
during split read/write transfers and highlights the time periods where split transfers are allowed, 
relative to SC and QSF. A split transfer is not allowed during to t STH + t sxs . In the case that the CBRS 
operation is executed and the binary boundary in each half SAM is set or updated, an additional period 
is applied, as shown in Figure 9. 



SC 
QSF 

Split 

Read/Write 

Transfer 

allowed. 



SRT 



YES 



Last First 
Clock Clock 



tSTH 



tSTS 



NO 



SRT 



YES 



Last First 
Clock Clock 



jn_r 



— ^ 

tSTH 



tSTS 



NO 



CBRS-»SRT 



YES 



tTSAA 



Last 
Clock 



First 
Clock 



tSTH 



tSAAT 
tSTS" 



NO 



Figure 9. Split Transfer Operation Allowable Periods 
The stop register and binary boundary are explained in the CBRS operation and the SAM port operation. 
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(4) A normal transfer may be performed following split transfer operation provided that a t STS minimun 
delay is satisfied after the QSF signal toggles. 



QSF 



Split Transfer. 



t$Ts Min. 



-Normal Transfer Operation Allowed 



SAM PORT OPERATION 

The TC524262 / 265 is provided with 512 words by 16 bits serial access memory (SAM) which can be 
operated in the single register mode or the split register mode. High speed serial read can be performed through 
the SAM port independent of the RAM port operation. 

11. SINGLE REGISTER SERIAL READ OPERATION 

Serial data can be read out of the SAM port after a read transfer has been performed. At every rising edge 
of the serial clock, the data is read out sequentially starting from the selected tap location to the most significant 
bit and then wraps around to the least significant bit, as illustrated below. Subsequent real - time read transfer 
may be performed on-the-fly as many times as desired. 








1 


2 










509 


510 


511 































12. SPLIT REGISTER MODE 

The split register mode realizes continuous serial read operation. The data can be shifted into or out of one 
half of the SAM while a split read transfer is being performed on the other half of the SAM. Thus, the tight 
timing control at a real time read operation is eliminated with the split read operation. A normal read transfer 
operation must precede any split read transfer operation in order to set the TAP address. Also, a CAS before 
RAS refresh and stop register set cycle (CBRS) can be performed to specify the binary boundaries in the SAM. 
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In the split register mode, serial data can be read from one of the split registers starting from any of the 
256 tap locations. The data is read sequentially from the tap location to the most significant bit (255 or 51 1) of 
the first split SAM and then the SAM pointer moves to the tap location selected for the second split SAM to read 
the data sequentially to the most significant bit (255 or 5 1 1) and finally wraps around to the least significant bit, 
as illustrated in the example below. 



Tap location Tap location 





^_ SRT is executed ^ 








^No SRT is executed + 














*- 














































































12 255 






256 


511 



13. SPLIT REGISTER MODE WITH BINARY BOUNDARY 

After a CBRS cycle is performed, the binary boundary, which is stated in 8.3. CAS before RAS refresh 
and stop register set, is set when a SRT cycle is performed. The serial data is read from one half of the SAM 
starting the tap location to the next binary boundary, while another SRT cycle is performed. Then, the SAM 
pointer moves to the tap location in the other half SAM and the data is read from the half SAM sequentially. If 
any SRT operation is not performed before the next boundary, the SAM pointer does not jump to the other half 
SAM, as illustrated in Figure 10. 
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SRTi - CBR5 - SRT 2 - SRT 3 - SRT 4 • 



(TAP,) 



(TAP 2 ) (TAP 3 ) (TAP 4 ) 



New Boundary Set 



' Example : CBRS is executed during this period. 



TAP 
O 

—4 



New Boundary 
is set by 

Transfer Cycle (SRT) 
after CBRS. 

\ . SRT 4 



TAP 3 



SRj^l/r 



' This is the time point that SRT2 is executed. 



B : Old 

Boundary 



No SRT is executed 



SRT 3 



. TAP 2 

: o— 



: TAP., 



B, : New 

Boundary 



Figure 10. Operation of Spit Register Mode with Binary Boundary 

The binary boundary is reset by a CBR cycle and the SAM operation mode returns to the normal split 
register mode, as shown in Figure 1 1 . 

, SRT 2 . . SRT 3 ? R 



By CBR 

Real Time Reset 



B : Old 

Boundary 



Figure 1 1 . Binary Boundary Reset 
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Fig. 12 shows the relation between CBR and SC on binary-boundary-reset. When Nth SC-clock accesses 
old binary address is reset and (N + l)th SC clock accesses old boundary address (old stop address) + 1 on the 
same split SAM, not jump to TAP address. 



15S. 
CSS. 

SC 



CBR 



tRES 



■j^jxrunLJ\jiJTJ~LnLri_- 

Old Stop Address 



Figure 12. CBR and SC relation of binary-boundary-reset 

In an actual system which uses the binary boundary a CBRS cycle is executed to determine a type of the 
boundary location. Then, a normal RT transfers a row of data into the SAM and set the initial tap location at the 
same time. An SRT cycle follows it before the SAM pointer reaches to the boundary location. The SRT cycle 
makes the binary boundary jump effective, as illustrated in Figure 13. 

-ft' 




DT/UE 
SC 



fin-vfifiR 



TAPl Boundary TAP2 
Location ^ 



Figure 13. Binary Boundary Jump Set Sequence 

There are additional timing specifications, t TSAA and t SAAX to determine the period that does not allow a 
split transfer, as illustrated in Figure 14. 
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Boundary 
Location 1 st 



Boundary . t 
Location 




Figure 14. Timing Specification to allow SRT operation 



POWER-UP 



Power must be applied to the RAS and DT/OE input signals to pull them "high" before or at the same time 
as the V cc supply is turned on. After power-up, a pause of 200 useconds minimum is required with RAS and 
DT/OE held "high". After the pause, a minimum of 8 CBR dummy cycles must be performed to stabilize the 
internal circuitry, before valid read, write or transfer operations can begin. During the initialization period, the 
DT/OE signal must be held "high". 



INITIAL STATE AFTER POWER-UP 



When power is achieved with RAS, CASL/CASU, DT/OE and WB/WE held "high", the internal state of 
the TC524262 / 265 is automatically set as follows. 

However, the initial state can not be guaranteed for various power-up conditions and input signal levels. 
Therefore, it is recommended that the initial state setting cycle is performed after the initialization of the device 
is performed (200 ^seconds pause followed by a minimum of 8 CBR cycles) and before valid operations begin. 





State after power-up 


QSF 


High-Impedance 


Color Register 


all "0" 


Write Mask Register 


Write Enable 


TAP pointer 


Invalid 


Stop Register 


Default Case 
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silicon gate cmos target spec 

2,097,152 BY 8 BIT SYNCHRONOUS DRAM 
DESCRIPTION 

The TC59S 1604/1 608 is a JEDEC-standard synchronous DRAM (SDRAM) using a single 3.3Part -volt 
power supply. Various operational modes can be initiated by controlling the state of the RAS, CAS, WE, CS, 
CKE and DQM signals at the rising edge of the clock. 

The synchronous DRAM is offered in the following organizations. 

Part Number Organization 

TC59S1604 4Mx4 
TC59S1608 2Mx8 

FEATURES 

• Fully synchronous DRAM 

• Operating frequency of up to 100 MHz 

• All inputs and outputs LVTTL compatible 

• All inputs and outputs referenced to the rising 
edge of the clock 

• Two bank organization to allow concurrent 
access/refresh and precharge operation 

• RAM - SAM Transfer 
Read / Real Time Read Transfer 
Split Read Transfer 

• RAS latency of 6 clocks at 100 MHz 

• CAS latency of 3 clocks at 1 00 MHz 

• Random column address update possible every 2 
clock cycles 

• Programmable burst length and addressing mode 

• Programmable clock latency 
Auto refresh and self refresh 

• Toshiba standard DRAM process 



KEY PARAMETERS 
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PIN DEFINITION 



XT A TVvTC 
JNAJVIH 


i/U 


rUJNCllUJN 


A A 

A 0" A 8 


T 
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Address Input 

A - 10 for Row Address 

A - 8 for Column Address 


BS 


I 


Bank Select 


DQo - DQ 7 


I/O 


Data Input/Output 


RAS 


I 


Row Address Asserted 


CAS 


I 


Column Address Asserted 


WE 


I 


Write Enable 


DQM 


I 
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I 
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Clock Input 


CKE 
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Clock Enable 
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Power for Internal Circuit 
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Power for Output Pin 


V SSQ 




Ground for Output Pin 



PIN OUT (2M x 8 Synchronous DRAM) 
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BLOCK DIAGRAM 
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OPERATION 

1. OPERATIONAL MODES 

All the operations of the synchronous DRAM are initiated by a command which is sampled at every clock 
rising edge. The truth table for the operation commands is as shown in Table 1. The Chip Select signal, CS, 
activates the DRAM and accepts any command when it is low. 



Table 1. Function Truth Table 



Command 


CKE 


DQM 


BS 


A10 


A9-0 


CS 


RAS 


CAS 


WE 


Mode Register Set 


H (2) 


X 


V 


V 


V 


L 


L 


L 


L 


Auto Refresh 


H (D 


X 


X 


X 


X 


L 


L 


L 


H 


Self-Refresh Entry 


l' 1 ) 


X 


X 


X 


X 


L 


L 


L 


H 


Bank Deactivate/Precharge 


H (2) 


X 


V 


L 


X 


L 


L 


H 


L 


Precharge All 


H (2) 


X 


X 


H 


X 


L 


L 


H 


L 


Bank Activate 


H (2) 


X 


V 


V 


V 


L 


L 


H 


H 


Write 


H (2) 


X 


V 


L 


V 


L 


H 


L 


L 


Write and Autoprecharge 


H <2) 


X 


V 


H 


V 


L 


H 


L 


L 


Read 


H (2) 


X 


V 


L 


V 


L 


H 


L 


H 


Read and Autoprecharge 


H (2) 


X 


V 


H 


V 


L 


H 


L 


H 


No Operation 


H (2) 


X 


X 


X 


X 


L 


H 


H 


L 


No Operation 


H (2) 


X 


X 


X 


X 


L 


H 


H 


H 


Device Deselect 


H (2) 


X 


X 


X 


X 


H 


X 


X 


X 


Clock Suspend/Standby Mode 


L< 2 > 


X 


X 


X 


X 


X 


X 


X 


X 


Data Write/Output Enable 


H (2) 


L 


X 


X 


X 


X 


X 


X 


X 


Data Mask/Output Disable 


H (2) 


H 


X 


X 


X 


X 


X 


X 


X 



Note 

(1) This level indicates at same cycle. 

(2) This level indicates at previous cycle. 

(3) V=Valid X=Don't Care L=Low level H=High level 

2. PRECHARGE 



The Precharge cycle is initiated with the RAS and WE signal low and the CAS signal high at a Clock rising 
edge. A10 signal is used to select from two precharge operation, Bank Precharge and Precharge All. When the 
A10 signal is high, both banks are precharged simultaneously. When the A10 signal is low, the bank select signal 
selects one of the two banks to be precharged. This operation is performed on a bank independently from the 
other bank, which can be held active. 
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3. ACCESS CYCLE 

A Row Address Strobe cycle activates one of the two banks which corresponds to the status of the Bank 
Select signal. The Column Address Strobe cycle follows and initiates the sequential read or write operation 
which is synchronized at every Clock rising edge with up to 100MHz frequency. The addressing mode during 
the sequential read or write is programmable from two types, Sequential mode or Interleave mode. The number 
of the reads or writes (burst length) per a Column Address Strobe cycle is also programmable with the Mode 
Register Set cycle. The output buffer will be turned off after the specified read cycles are done. 

If the two banks are alternately accessed, the Hidden Row Address application can be achieved, as 
illustrated in Figure 5, 6 and 7. The precharge operation is assumed to be performed in the bank which is not 
being accessed. 

3.1 Page Mode 

The Page Mode of the synchronous DRAM is similar to the fast page mode of a conventional dynamic 
RAM. The column address can be randomly updated by the Column Address Strobe cycle as many times as a 
system wants within the t RAC maximum and refresh requirement. The minimum period until the next Column 
Address Strobe cycle is specified as t PC , which is 2 cycles. A different column address within the page can be 
accessed while accessing other column addresses. The CAS command should be asserted even clock cycle 
followed by previous CAS command. After a burst length access, a delay time of t RSX is required before the next 
CAS command is asserted. The last clock of the read cycle is the clock that causes the DQ lines to go HI-Z after 
the burst length data read. CAS Command can be asserted at any clock edge after t WR from last input at write 
cycle. (Figures 16,17) The feature is also applicable to the access between the two different pages which were 
independently selected in the two banks at the Row Address Strobe cycles. The Bank Select signal is used to 
choose one of the two pages to be accessed. (Figure 8) 
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3.2 READ AND WRITE OPERATION 

The synchronous DRAM supports sequential read and write operations. The write operation is selected 
when the Write Enable signal is asserted at a Column Address Strobe cycle. Otherwise, the RAM will be in the 
read mode. Therefore, a read modify write operation is not available with the RAM. Because of the pipelined 
operation implemented in the RAM, the initial read data from the Column Address Strobe cycle becomes 
available at the cycle which is specified as the tc AC in clock cycles. The number of read - outs per CAS cycle 
is determined with the burst length. 

A read operation can be switched to a write operation at a multiple of the t PC .cycle from the Column 
Address Strobe cycle for the read operation, although the data is still being read within the burst length. In this 
case the DQM signal has to be controlled, otherwise bus contention occurs during the transition. (Figure 9,18) 

When a precharge command is asserted during read operation, the read data is going to be invalid after 
Read CAS Latency delay. The precharge command doesn't affect the column operation of device, therefore the 
data is continuously output after the precharge command assertion, however this data is unkown. (Figure 18) 

When a read command is asserted during a Write operation, the write data that is input to the device prior 
to the read command is written into the RAM array. The data input after read command assertion is not written 
into RAM. (Figure 19) 

Write cycle is completed when precharge command cycle is asserted. 2 Clock cycle of DQM mask have 
to be asserted when precharge command is performed before full length of burst write cycle. (Figure 9,19) 

When the A 10 singal is high at a Read / Write command, the autoprecharge cycle is activated. Therefore 
precharge is performed automatically. The autoprecharge cycle can not be interruped. 

3.3 CLOCK MASK AND INPUT / OUTPUT MASK 

In the event that a system can not accept or provide the data within a clock cycle, the clock suspension 
mode is useful. Once the CKE signal is negated, the Clock is internally freezed from the next cycle. A read or 
write operation is, thus, suspended until the CKE signal is asserted again. 

The Input / Output Mask signal (DQM) has two functions, synchronized output enable during a read cycle 
and word mask during a write cycle. The Read cycle requires 1 clock latency before the functions are actually 
performed. In case of the Write cycle, word mask functions are performed in the same cycle (0 clock Latency), 
as illustrated in Figure 2. 
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Figure 2. Clock Mask and Input/Output Mask (4 wrap mode) 

4. REFRESH OPERATION 

There are two refresh modes available with the RAM, Auto Refresh and Self Refesh cycles. The auto 
refresh cycle starts when the CS and RAS and CAS signals are low and the CKE and WE signals are high at the 
Clock rising edge, which is similar to CAS before RAS refresh of a conventional DRAM. Bank A / B are 
refreshed alternately by Auto Refresh. The Auto Refresh has autoprecharge function, therefore precharge 
operation is executed automatically. Next command can be asserted after t RC from refresh command. (Figure 
13) _ 

The Self Refresh mode starts when CS , CKE, RAS and CAS are Low at the clock rising edge. To exit 
from the self refresh cycles, the CKE signal is asserted and a delay of t RC is required. Then the next arbitrary 
operation can be performed. (Figure 14). 

5. MODE REGISTER SET CYCLE 

The RAM has programmable addressing modes during the consecutive column access cycles. One of the 
modes is selected at a Mode Set cycle. The random access time in clock cycles, and the latency are also 
programmed at the same cycle. A system can choose the best suitable modes to maximize its performance. The 
Mode Set Cycle is initiated when RAS, CAS and WE signals are low at the clock rising edge. Four clocks are 
needed to change the mode, as illustrated in Figure 3. 



TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



D-7 



TC59S1604,TC59S1608 



CLK 
CS 



L 



^ f 



\ 



/ 




Arbitrary Cycle 
(Row Address Strobe Cycle) 



BS 







Aio 





Reserved 


Ag 





Ar 







A? 


T 


Test Mode 


A G 


L 




A 5 


L 


Latency field 


A4 


L 




A 3 


S/I 


Addressing mode (Sequential / Interleave) 


A? 


B 




Ai 


B 


Burst Length field 


AO 


B 





Figure 3. Mode Register Set Cycle 



5.1 LATENCY 



In order to maximize the performance of a system the latency along with relevant parameters can be set 
with the mode set cycle. The maximum frequency is specified on each latency as shown on the cover page. 



BS A, 



A 6 



A3 



Latency field (A 6 ~A 4 ) 



A 















T 


L 


L 


L 


S/I 


B 


B 


B 



A 6 


A 5 


A 4 


l CAC (Cycle) 





1 





2 





1 


1 


3 


1 








4 



Note : Any other combinations are not available on A 6 ~A 4 besides the above three types. 
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5.2 ADDRESSING MODES 

There are two addressing modes available with the RAM, Sequential mode and Interleave mode. A system 
has to perform at least one mode register set cycle to specify one of the addressing modes prior to any operation. 



BS A, A 9 A 8 



A 6 



A 4 















T 


L 


L 


L 


S/I 


B 


B 


B 



Burst Length field (A 2 ~A ) 



Interleave/Sequential Select (A 3 ) 



A 2 


Ai 


A 


Sequential 


Interleave 








1 


2 


2 





1 





4 


4 





1 


1 


8 


8 



Other combinations are prohibited 



A 3 


Addressing Mode 





Sequential 


1 


Interleave 



With any addressing mode the access which is initiated by a CAS cycle can start at any arbitrary column 
address. The data will be sequentially read or written into the RAM up to the specified number by the burst 
length field. The sequential mode is suitable for a cache line fill application, where the sequential access returns 
from the end to the beginning of a block whose boundary is determined at every burst length in a row. The 
interleave mode controls the address so each address is flipped to its invert at the clock rising edge every time 
one bit less siguificant address returns to the previous state. Intel's 486 microprocesser implements the 4 bit 
interleave mode for the burst cache fill operation. 

5.3 TEST MODE 

When A7 bit is set, the device enters Test Mode. The A7 bit should be set to "0" during normal operation. 

6. POWER DOWN MODE 

The I cc current is reduced by cutting off the Input and Output Buffer. The Input Buffer and Output Buffer 
are controlled by the CKE signal, however while either bank is active, CKE doesn't control the Input and Output 
Buffers. Power down mode cut off the Input and Output Buffers except the CLK Buffer and CKE Buffer. 
(Figure 15) 

7. POWER UP 

To ensure that the outputs are high-Z, DQM and CKE should track V cc After power up, a pause of 200|J, 
seconds minimum is required. Following this pause time, minimum of 8 Auto Refresh dummy cycles must be 
performed to stabilize the internal circuity before any operations start. The default value of the Mode Register 
after power up is undefined, therefore a Mode Register set cycle must be performed before proper operation. 
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S/l 


Burst Length 


Addressing Sequence 


Sequential 
(A 3 = 0) 


4 bit 
(A 2 ~A = 010) 


12 3 
2 3 1 
7 4 5 6 
13 14 15 12 


Sequential 
(A 3 = 0) 


8 bit 
(A 2 ~A = 011) 


1 2 3 4 5 6 7 
2 3 4 5 6 7 1 
70 123456 
13 14 15 8 9 10 11 12 


Interleave 
(A 3 = 1) 


4 bit 
(A 2 ~A = 010) 


12 3 
10 3 2 
7 6 5 4 
13 12 15 14 


Interleave 
(A 3 =D 


8 bit 
(A 2 ~A = 011) 


1 2 3 4 5 6 7 

1 3 2 5 4 7 6 
7 6 5 4 3 2 1 

13 12 15 14 9 8 11 10 



Figure 4. Column Access Addressing Example 



RECOMMENDED DC OPERATING CONDITIONS (Ta = 0-70° C) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


V C c 


Supply Voltage 


3.0 


3.3 


3.6 


V 


V CCQ 


Supply Voltage for DQ Buffer 


3.0 


3.3 


3.6 


V 


Vffl 


Input High Voltage 


2.0 




V cc + 0.3 


V 


Vil 


Input Low Voltage 


-0.5 




0.8 


V 



CAPACITANCE (Ta=0~70° C, V cc = 3.3V ± 10%, f = 1MHz) 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNIT 


C 

I 


Input Capacitance 




5 


pF 


Co 


Input/Output Capacitance 




7 


pF 
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DC CHARACTERISTICS (Ta=0~70° C, V CC =3.3V±0.3V) 



PARAMETER 


Limits 


-10(100MHz) 


-12 (80MHz) 


RAS Operation Current 
ROW Address Strobe Command 
& Precharge Command Cycling 
tpRD = min t RC = min 


Single Bank 
Operation 


80mA 


70mA 


Interleave 
Operation 


140mA 


130mA 


CAS Operation Current 

Column Address Strobe Command 

Cycling 

t PRD = min t PC = min 


90mA 


80mA 


No Operation Current 
Both Bank Active 
CS = V IH FIX 


10mA 


10mA 


Standby Current 
Both Bank Precharged 
CS = V IH FIX 


CKE = V IL 


TTL 
Input 


2mA 


2mA 


CMOS 
Input 


1 m A 




CKE - V IH 


TTL 
Input 


7mA 


7mA 


CMOS 
Input 


5mA 


5mA 


Auto Refresh Current 

Auto Refresh Command Cycling 

tpRD = min l RC = min 


80mA 


70mA 


Self Refresh Current 
CKE = V IL 
CMOS Input 


1mA 


1mA 


PARAMETER 


min 


max 


Input Leakage Current 


-lOuA 


10uA 


Output Leakage Current 


-lOuA 


10|xA 


Output "H" Level Voltage (lout = -4mA) 


2.4 V 




Output "L" Level Voltage (lout = 4mA) 




0.4V 
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AC CHARACTERISTICS (Ta=0~70°C, V cc = 3.3V ± 0.3V) 



SYMBOL 


PARAMETER 


-10 


-12 


UNIT 


NOTE 


MIN. 


MAX. 


MIN. 


MAX 


l RC 


Random Read/Write Cycle Time 


100 




120 




ns 


2 


l RAC 


Access Time from RAS 




60 






ns 


2, 4 


l RCD 


RAS to CAS Delay Time 








36 


ns 


2, 4 


l RP 


RAS Precharge Time 










ns 


2 


l RRD 


RAS to RAS Delay 


20 








ns 


2 


<CAC 


Access Time from CAS 










ns 


2 


l PC 


Page mode Cycle Time 










Cycle 




l RSH 


CAS to Precharge Delay Time 










Cycle 




•CKA 


Access Time from CLK 










ns 




l WR 


Write Recovery Time 










Cycle 




l RST 


Burst Cycle Reset time 


20 








ns 


2 


•oh 


Output data hold time 










ns 




k)D 


Output data disable time 




10 




12 


ns 




l ACT 


Power down mode exit time 


o 


15 






ns 




£ SB 


Power down mode entry time 


o 


15 


o 


18 


ns 




l RAS 


RAS to Precharge Delay 


60 


100 


72 




ns/us 


2 


'STUP 


Input Signal SetupTime 


2 








ns 




l HOLD 


Input Signal hold time 










ns 




t x 


Transition time 


1 


10 


1 


10 


ns 




l PRD 


CLK Period 


10 




12 




ns 




<CLKH 


CLK High Time 


2 




3 




ns 




tCLKL 


CLK Low Time 


2 




3 




ns 




l PEF 


Refresh Period (4k Refresh) 




64 




64 


ms 




£ RSC 


Mode Register Set Cycle Time 


40 




48 




ns 


2 


l RH 


Register Set Data hold time 


8 




10 




ns 




l RS 


Register Set Data setup time 


2 




2 




ns 
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NOTES 

1 . AC measurements assume t T =2ns. 

Measured with a load equivalent to 2 TTL Load and 50pF. 

Mid point is reference level for measuring timing of input and output signals. Vref=l .4V 

2. CLK times of this parameter are decided by operation CLK period. 

/ Timing Parameter \ 

CLK time=round up I — f ) 

\ 1 prd / 



TC59S1 6800FT/TR- 1 TC59S 1 6800FT/TR- 1 2 



CLK Freq 






l RRD 


tCAC 


tRAS 




CLK Freq 


tRC 


tRP 


l RRD 


l CAC 


tRAS 


100ns 


40ns 


20ns 


30ns 


60ns 




120ns 


48ns 


24ns 


36ns 


72ns 


33*~50MHz 


5 


2 


1 


2 


3 




25*~41MHz 


5 


2 


1 


2 


3 


51~66MHz 


7 


3 


2 


2 


4 




42MHz 


7 


3 


1 


2 


4 


67~75MHz 


8 


3 


2 


3 


5 




43~55MHz 


7 


3 


2 


2 


4 


76~83MHz 


9 


4 


2 


3 


5 




56~62MHz 


8 


3 


2 


3 


5 


84~100MHz 


10 


4 


2 


3 


6 




63~69MHz 


9 


4 


2 


3 


5 














70~80MHz 


10 


4 


2 


3 


6 



3. *:It is the minimum frequency so the synchronous DRAM has performance advantage over standard 
DRAMs. 

4. Operation within the t RCD (max) limit insures that tj^c (max) can be met. 
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16M Synchronous DRAM 
Figure 5 - 1 
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16M Synchronous DRAM 
Figure 5 -2 



INTERLEAVED BANK READ (4 WRAP MODE) 
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16M Synchronous DRAM 
Figure 6 - 1 
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16M Synchronous DRAM 
Figure 6-2 



INTERLEAVED BANK READ (8 WRAP MODE) 



(CLK=100MHz) (Auto Precharge) 
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16M Synchronous DRAM 
Figure 7 - 1 
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16M Synchronous DRAM 
Figure 7 - 2 
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Figure 11 
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16M Synchronous DRAM 
Figure 12 
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16M Synchronous DRAM 
Figure 13 
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Figure 14 
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RESTRICTION OF FOLLOWING COMMAND FROM READ COMMAND 

Figure 16 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 

Read CAS Latency =2 cycle (Case of tRsx — 'prd) I ! ; 

Burst Length = 2 

Command (Read 

DQ 



Command (Read 
DQ 




Command (Read 
DQ 

Burst Length =4 
Command (Read 
DQ 

Burst Length =8 
Command (Read 
DQ 



Read CAS Latency =4 cycle (Case of tRST > tpw>) 
Burst Length =2 : 



Command (Read) 
DQ 

Burst Length =4 
Command ( R ead) 
DQ 

Burst Length = 8 
Command (Read) 
DQ 
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RESTRICTION OF FOLLOWING COMMAND FROM WRITE COMMAND 
Figure 17 
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BURST READ INTERRUPTED 



Figure 18 

Read C53 Latency = 3 
Burst Length =4 
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Figure 19 
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SILICON GATE CMOS 
512KX9 RDRAM™ 



target spec 



DESCRIPTION 



This a new generation ultra high speed CMOS Rambus™ DRAM organized as 5 12KX9. It uses advanced 
circuit design techniques with standard CMOS process technology. The sense amplifiers act as a cache and burst 
up to 256 bytes at a rate of 2 nanoseconds per byte. 



• RDRAM entirely self-contained, on-board RAS/ 
CAS and refresh logic 

• Vertically oriented surface mount plastic 
package (SVP) 



Rambus™ and RDRAM™ are trademarks of Rambus Inc. 
Rambus Technology is used under license from Rambus Inc. 



FEATURES 



SYSTEM BENEFITS 



Rambus Interface: 

500 MB/sec peak transfer rate per RDRAM 
Low signal swing byte wide (9 bit) interface to 
the Rambus Channel 

Synchronous protocol for fast block-oriented 
transfers 

Flexible addressing controlled by on-chip 
registers 

Direct connection to Rambus ASICs, MPUs, and 
Peripherals 

48 ns from beginning of read request to first byte, 
2 ns per byte thereafter 

2 cache lines per RDRAM - Each cache line is 1 
KByte each 



Eliminates second level caches 



Vastly imporves graphics performance at lower 
cost 

Decreases part count - Eliminates cache, buffers, 
address decoders, extra buses etc. 

Same pinout as 2MX9 RDRAM 

Full Rambus Channel performance in 
configurations as small as one RDRAM 

Alleviates need for expensive multi-chip 
modules at high system clock rates 

Systems are modular - faster MPUs and larger 
Rambus memories can be installed without 
changing board layout or logic design 
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PIN DESCRIPTION 



PIN OUT 



SIGNAL 


I/O 


DESCRIPTION 


BusData 
[0-8] 


I/O 


Bus data for request, write, and 
read protocols. These are low 
swing signals referenced to Vref. 
The data lines carry the request 
packet with the address, 
operation codes, as well as the 
count of the bytes to be 
transferred. Active low. 


RxClk 


I 


Receive clock. This clock is 
aligned with incoming request 
and write data packets. This 
clock is completely synchronized 
with the request and data sent out 
on the Rambus™ Interface. 


TxClk 


I 


Transmit clock: This clock is 
aligned with the data being sent 
out on reads as well as the 
acknowledge packets. This is a 
low swing signal referenced to 
Vref. 


Vref 


I 


This is the logic threshold 
voltage for low swing signals. 


BusCtrl 


I/O 


Control signal to frame packets, 
transmit opcode, and 
acknowledge requests. Signal is 
active low. 


BusEnable 


I 


Control signal to enable the bus. 
This signal is pulsed to power up 
the bus. Long assertions of this 
signal will reset all devices on the 
bus. Signal is active low. 


Vdd, 
VddA 




+5V power supply. VddA'is a 
separate supply for clock 
receivers. 


Gnd, 
GndA 




Circuit ground. GndA is a 
separate ground for clock 
receivers. 


Sin 


I 


Reset daisy chain input. TTL 
levels. Active high. 


SOut 





Reset daisy chain output. TTL 
levels. Active high. 



32 pin SVP SIP 
(TOP VIEW) 





VHH 
V uu 


2 


Gnd 


j 


JDUSUalao 


A 
H- 


V TIKI 




RncPlQtQ*7 
DUSUdld 1 


A 

o 




/ 


Bus Enable 


Q 

o 


V uu 


Q 

y 


RllcT^QtQ^ 

DUaLJalaKj 




Clnr\ 

uno 


1 1 
1 1 


D USUdla D 


12 


VHH A 

V UU/Tl 




I\ A IK 


14 


V.I 1 1U / V 


15 


TxClk 


1 fi, 

ID 


VHH 
V UU 


17 




18 


Gnd 


19 


RnsCtrl 


?n 

ZAJ 


Olll 


1 
Zl 


vrei 


22 


SOut 


23 


BusData3 


24 


Gnd 


25 


BusData2 


26 


(NC) 


27 


BusData 1 


28 


Gnd 


29 


BusDataO 


30 


(NC) 


31 


Gnd 


32 


Vdd 



(1) VddA and GndA must be tied to VDD and Gnd, respectiviely 
where the RDRAM connects to the PC board. 
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BLOCK DIAGRAM 

ClockToMaster 



Primary or Secondary Channel 



ClockFromMaster 



BusEnable, BusCtrl, BusData[8:0] 



Sin 



RxdVk 



SOut 



TxClk 



Receiver 

T-rr 



RCIk 



Clock G enerator 



Transmitter 



Request[5:0][9:0] 



37 
Op[3:0] 
OpX[l:0] 
Adr[2:0] 
Count[7:0] 
Start 
SMode[l:0] 



25 



♦ ♦ + + 



+Adr[10:3] 



WriteData[7:0][8.0] 

— I n 



it it 



Internal Data Bus 



Ack[l:0] jReadData[7:0][8:0J 
11 



Adr[35:ll] 



Address 
Mapping 
Logic 



AdrS[35:ll], 



Command State Machine 



Frame State Machine 



IdMatch 



ReadDly,AckDly,WriteDly,AckWinDly, 
RE,DEPD,CEX2,C[5:0] 



Row Miss State Machine 



Refresh State Machine 



RowPrecharge,RowSense,RowRestore 4. 



CoreAccess 
Core Restore 



72 



72x128 RowSenseAmpLatch 



AddressSelect[3:0][8:O] 



Device Id 
Compare 



72x256 



Core 
Column 
Addr 



72x128x256 DRAM Array - Bank 



Row Address 
Compare 



CoreAddress 
Logic 



Deviceld[3:0][8:0] 



Device Type[3:0][8:0] 



Delay[3:0][8:0] 



Mode[3:0][8:0] 



Device Manufacture[3:0][8:0] 



Row[3:0][8:0] 



Refresh 
Counter 



RefRow[3:0][8:0] 



Minlnterval[3:0][8:0] 



Reflnterval[3:0][8:0] 



Raslnterval[3:0][8:0] 



CoreBankAddr 



72 



72x128 RowSenseAmpLatch 



72x256 



CoreRow Addr 



72x128x256 DRAM Array - Bank 
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SYSTEM CONFIGURATION 

Memory Modules 




PROTOCOL 

The RDRAM responds to bus transactions initiated by a Rambus master device. The Rambus master sends 
out a request packet on the Rambus Channel and all RDRAM devices on the bus receive the information in the 
request packet. The request packet contains address and control information necessary to specify the transaction. 
The transaction can be a read or write operation from or to a block of memory, and can be between one and 256 
bytes in length. The RDRAM examines the contents of each request packet to determine the required action. If 
the address in the packet targets this particular RDRAM, then it replies with an Achnowledge packet which 
indicates to the master whether the RDRAM can service the request. For memory write transactions, the master 
follows the request packet with the write data packet, which is stored into the RDRAM 's core column sense 
amplifiers. For memory read transactions, the RDRAM reads data from the RDRAM core's sense amplifiers 
and sends it to the master. The interval between the request packet and the following acknowledge and data 
packets is programmable during device initialization. Once programmed, the delays are fixed during normal 
operation. 

CACHING 

Each RDRAM contains two completely independent direct mapped cache banks. Each bank has its own 
memory core sub-array, sense amplifiers, and cache tag. The Rambus Interface circuitry manages both the 
memory core and cache operation. The master only needs to retry those transactions that cause a miss. Each 
cache in the RDRAM is 1 KByte. The 1 KByte cache size contributes to a significant hit rate to those caches 
and the access time to data in these caches is low. If the data specified by the request packet is not available in 
the sense amplifiers, the RDRAM begins a row access operation to write back the current row and retrieve the 
requested row. Simultaneously, the RDRAM sends a negative Acknowledge packet to the requesting master 
device. The master may then retry the operation a Retry time later. The most recently requested rows are latched 
in the sense amplifiers until the master requests a new row. The sense amplifiers thus act as a cache for very fast 
read and write accesses. 

ADDRESSING 

Unlike traditional DRAMs, each RDRAM decodes its own addresses. The mapping of addresses to 
Rambus devices is set during device initialization. The address mapping is very flexible, supporting device 
interleaving and mixing of Rambus devices of various sizes and types. Address mapping, self-refresh, packet 
interval timing, and other functions are controlled by use of on-chip registers. Registers are accessed using the 
same read and write transactions as memory, but are located in a separate address space. 
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ABSOLUTE MAXIMUM RATINGS 

The following table represents stress ratings only, and functional operation at the maximums is not 
guaranteed. Extended exposure to the maximum ratings may affect device reliability. Furthermore, although 
devices contain protective circuitry to resist damage from static electric discharge, always take precautions to 
avoid high static voltages or electric fields. 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNIT 


V IN, ABS 


Voltage applied to any low-swing 
pin with respect to Gnd 


-0.5 


Vdd+0.5 


V 


VlN, TTL, ABS 


Voltage applied to any TTL pin 
with respect to Gnd 


-0.5 


Vdd+0.5 


V 


^DD, ABS 


Voltage on VDD with respect to 
Gnd 


-0.5 


6.5 


V 


Tj, ABS 


Junction temperature under bias 


-55 


125 


°c 


TsTORE 


Storage temperature 


-55 


125 


°c 


THERMAL PARAMETERS 


SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNIT 


Tj 


Junction operating temperature 





100 


°C 


JC 


Junction-to-Case thermal resistance 




TBD 


°C/Watt 


CAPACITANCE 


SYMBOL 


PARAMETER and CONDITIONS 


MIN. 


MAX. 


UNIT 


ClN,TTL 


TTL input parasitic capacitance 




10 


pF 


CoUT.TTL 


TTL output parasitic capacitance 




15 


pF 


RECOMMENDED ELECTRICAL CONDITIONS 


SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNIT 


Vdd> Vdda 


Supply voltage 


4.5 


5.5 


V 


Vref 


Reference voltage 


1.9 


2.4 


V 


Vil 


Input low voltage 


Vref-0.4 


Vref-0.2 


V 


V IH Input high 
voltage 


Input high voltage 


V REF+ 0.2 


Vref+0.4 


V 


Vil, ttl 


TTL input low voltage 


-0.5 


0.8 


V 


^IH.TTL 


TTL input high voltage 


2.0 


V dd + 0.5 


V 
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ELECTRICAL CHARACTERISTICS. 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNIT 


Iref 


V REF current @ V REF =2.4V 


-10 


10 


|0,A 


% 


Input current @ (0<V IN <V DD ) 


-10 


10 


(xA 


IOL 


Output low current (at maximum 
programmed value) @ V OUT = 
1.6V to 2.2V 




35 


mA 


A 

A IOL 


Error in programmed output low 
current (from unit to unit) 


-U.J J 


U. JJ 


niA 


T 

1 OH 


Output high current @ V OUT = 
2.0V to 2.7V 


-10 


10 


ii A 


^IN, TTL 


TTL input leakage current @ 

(0-VIN, xtl^Vqd) 


-10.0 


10.0 


|J.A 


V OL, TTL 


TTL output voltage @ V 0L = 1.0mA 




0.4 


V 


VqH, TTL 


TTL output high voltage @ V OH =- 
0.25mA 


2.4 




V 



RECOMMENDED TIMING CONDITIONS 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNIT 


tcR* tcF 


TxClk and RxClk input rise and fall 
times 


0.3 


0.7 


ns 


'•CYCLE 


TxClk and RxClk cycle times 


4 


10 


ns 


l CH' l CL 


TxClk and RxClk high and low 
times 


1.3 


tcYCLE -1-3 


ns 


Itr 


TxClk-RxClk differential 





l CYCLE "I- 2 


ns 


l DR' tDF 


Data/Control input rise and fall 
times 


0.3 


0.7 


ns 


l QR' l QF 


Data/Control output rise and fall 
times 


0.4 


0.6 


ns 


ts 


Data/Control-to-RClk setup time 


0.3 




ns 




RClk-to-Data/Control hold time 


0.3 




ns 


l REF 


Refresh interval 




16 


ms 


toCK 


RDRAM internal clock generator 
lock time 


10 




(IS 
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TIMING CHARACTERISTICS 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNIT 




SIn-to-SOut propagation delay @ 
Cload,ttl= 4 0pF 


5 


50 


ns 


l Q 


TClk-to-Data/Control output time 


tcvcLE/4 +0.3 


tcYCLE/ 4 +0-3 


ns 



RAMBUS CHANNEL TIMING 

The Rambus channel timings shown below are presented to show important timings on the Rambus 
channel for common operations. Please refer to the detailed Rambus Technology Guide for all possible 
interactions that could occur on the Rambus channel. All timings are from the point of view of the channel 
master, and thus have the bus over head delay of 4ns per bus transversal included. 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNIT 


'•CYCLE 


TxClk and RxClk cycle times 


4 


10 


ns 


^RESPONSE 


Start of request packet to Ack or 
Nack 


7(1) 


10 (1) 


tCYCLE 


tREADHIT 


Start of request packet to first read 
data for Row Hit 


12<»> 


15 (1) 


tcYCLE 


twRITEHIT 


Start of request packet to start of 
write data 


4 (D 


7(1) 


tCYCLE 


tREADRETRY 


Start of RowMiss packet to 
RowMatch packet 


26® 




tcYCLE 


%RITERETRY 


Start of RowMiss packet ot 
RowMatch packet 


26< 2 > 




tcYCLE 


tREADBURST32 


Start of request packet to end of 32 
byte read for Row Hit 


28») 




k^CLE 


*READBURST256 


Start of request packet to end of 
256 byte read for Row Hit 


140 (3) 




l CYCLE 


^WRITEBURST32 


Start of request packet to end of 32 
byte write for Row Hit 


20W 




tCYCLE 


twRITEBURST256 


Start of request packet to end of 
256 byte write for Row Hit 


■132< 4 > 




l CYCLE 



(1) Programmable 

(2) Minimum at t CY cLEMiN- Delay programmable to give equivalent timings at long tcycLE 

(3) Calculated with t READfflXMIN 

(4) Calculated with t WRITEHIXMIN 
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RISE/FALL TIMING 



v, 



'RxClk 



'Dttijn 
Controlin 



^'Controlout 



CLOCK TIMING 



V TxOk" 



V R*Clk • 

RECEIVE DATA TIMING 
^Cwitroliii 



V. 



IKMIN 



bt-»| |*- 



ILMAX 



DiMIN 



-Ik 



•' V OUMAX 



-Ik 



Wheie: 

V OH.\flN " V TERM* 2o * (Woon) 

v OLMAX = V TERM - 2o * floLMAX* programmed value) 





/ V 






tCH 






4 — ► 


tCYCLE 



REF 



*CVCLE 



tCH 



V 



• REF 



t KTYCLE w{ 




REF 



'REF 



E-8 



TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



TC59R0409 



RISE/FALL TIMING 



'TxOk 



. ^Ctifci.out 
ContxoLout 



3. 



K 



'REF 




'REF 



.VUN 



* 1 tick i s defined as one-half t CY cLE- 
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READ MISS TIMING DIAGRAM 
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TC59R1609VK 



SILICON GATE CMOS 
18 Mbit RDRAM™ 



target spec 



DESCRIPTION 



The TC59R1609VK is a new generation ultra high speed CMOS Rambus™ DRAM organized as 2MX9. 
The TC59R1609VK uses advanced circuit design techniques with standard CMOS process technology. It 
utilizes the sense amplifiers as a cache and bursts up to 256 bytes at a rate of 500 MBytes per second. 



• Rambus Interface: 

500 MB/sec peak transfer rate per RDRAM 
Low signal swing byte wide (9 bits) interface to 
the Rambus Channel 

Synchronous protocol for fast block-oriented 
transfers 

Flexible addressing controlled by on-chip 
registers 

Direct connection to Rambus ASICs, MPUs, and 
Peripheral 

• Multiple cache lines per RDRAM 

• RDRAM entirely self-contained 

• Vertical surface mount package 

SYSTEM BENEFITS 

• Same pinout as 4.5 Mbit TC59R0409VK 
RDRAM 

• Incremental memory granularity is 2 MB 

• Alleviates need for expensive multi chip 
modules at high system clock rates 

• Systems are modular - faster controllers and 
larger Rambus memories can be installed 
without changing board layout or logic design 



Rambus and RDRAM are trademarks of Rambus Inc. 

The Rambus technology is used under license from Rambus Inc. 



FEATURES 
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TC59R1609VK 



PIN DESCRIPTION 



PIN OUT 



SIGNAL 


I/O 


DESCRIPTION 


BusData 
[0-8] 


I/O 


Bus data for request, write, and 
read protocols. These are low 
swing signals referenced to Vref. 
The data lines carry the request 
packet with the address, 
operation codes, as well as the 
count of the bytes to be 
transferred. Active low. 


RClk 


I 


Receive clock. This clock is 
aligned with incoming request 
anad write data packets. This 
clock is completely synchronized 
with the request and data sent out 
on the Rambus™ Interface. 


TClk 


I 


Transmit clock: This clock is 
aligned with the data being sent 
out on reads as well as the 
acknowledge packets. This is a 
low swing signal referenced to 
Vref. 


Vref 


I 


This is the logic threshold 
voltage for low swing signals. 


BusCtrl 


I 


Control signals to frame packets, 
Transmit opcode, and 
acknowledge requests. Signal is 
active low. 


BusEnable 


I 


Control signals to enable the bus. 
This signal is pulsed to power up 
the bus. Long assertions of this 
signal will reset all devices on the 
bus. Signal is active low. 


Vdd, 
VddA 




+5V power supply. VddA is a 
separate supply for clock 
receivers. 


Gnd, 
GndA 




Circuit ground. GndA is a 
separate ground for clock 
receivers. 


Sin 


I 


Reset daisy chain input. CMOS 
levels. Active high. 


SOut 





Reset daisy chain output. CMOS 
levels. Active high. 



32 pin SMT SIP 
(TOP VIEW) 



1 

1 


V UO 


2 


vJIlU 


J 


DUSUalao 


A 


UrilU 


J 


RiicT*lata7 
XJllbLJala I 


f. 

o 




7 
/ 


Bus Enable 


Q 
o 


V uu 


Q 

y 


DUaUmdO 


10 


Gnd 


1 1 




12 


VddA 


i j 


I\ V IK 


14 


GndA 


15 


TClk 


16 


Vdd 


17 




18 


Gnd 


19 




20 


Sin 


Li 


vrei 


22 


SOut 


23 


BusData3 


24 


Gnd 


25 


BusData2 


26 


(NC) 


27 


BusData 1 


28 


Gnd 


29 


BusDataO 


30 


(NC) 


31 


Gnd 


32 


Vdd 
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TC59R1609VK 



AC ELECTRICAL CHARACTERISTICS 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNIT 


RClk 


Receive Clock Frequency 


100 


250 


MHz 


TClk 


Transmit Clock Frequency 


100 


250 


MHz 



FIGURE 1. READ HIT TIMING DIAGRAM 
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FIGURE2. WRITE HIT TIMING DIAGRAM 
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FIGURE 3. READ MISS TIMING DIAGRAM 
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TC59R1609VK 



FIGURE 4. WRITE MISS TIMING DIAGRAM 

4 ns 



CLK 
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PACKAGE OUTLINE MM (MILS) 
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1.2 (47) 
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CO 

o 
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Dimensions in mm (mils) 
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to 
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256KX4 VIDEO RAM APPLICATION NOTE 

The TC524258 can be used in a TC524256 basic feature application if: 

1) DSF (Pin 29) is grounded 

2) QSF (Pin 26) is open (N/C) 

3) If using Write Transfer function, see note below. 

Due to the complexity of the VRAM device, we highly recommend that the customer perform system 
testing to ensure proper operation and compatibility. 

Note: The TC524256B uses "Write Transfer" and the TC524258B uses " Masked Write Transfer". Therefore, 
the I/O at RAS falling edge must be "1" to ensure that data will not be masked. Please refer to Datasheet for 
details. 



TC524258BJ 



sc 


C 


o 


28 


] 


v $ s 


SIOI 


c 




27 


3 


SI04 


SI02 


c 


3 


26 


] 


SI03 


DT/QI 


c 


4 


25 


] 


sT 


W1/I01 


c 


s 


24 


3 


W4/I04 


W2/I02 


c 


6 


23 


] 


W3/I03 


WB/Wf 


c 


7 




J 




NC 


c 


8 


21 


] 


ca5 


RAS 


c 


9 


20 


] 


QSF 


A8 


c 


10 


19 


] 


AO 


A6 


c 


11 


18 


3 


A1 


AS 


c 


12 


17 


3 


A2 


A4 


c 


13 


16 


3 


A3 


v C c 


c 


14 


15 


3 


A7 
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128KX8 VIDEO RAM APPLICATION NOTE 

The TC528128 can be used in a TC528126 basic feature application if: 



1 ) DSF (Pin 29) is grounded 

2) QSF (Pin 26) is open (N/C) 

3) If using Write Transfer function, see note below. 

Due to the complexity of the VRAM device, we highly recommend that the customer perform system 
testing to ensure proper operation and compatibility. 

Note: The TC528126B uses "Write Transfer" and the TC528128B uses " Masked Write Transfer". Therefore, 
the I/O at RAS falling edge must be "1" to ensure that data will not be masked. Please refer to Datasheet for 
details. 



TC528128BJ 



sc [I 


1 


40 


3 Vss1 


sioi C 


2 


39 


3 SI08 


SI02 L 


3 


of* 

38 


J SI07 


SI03 C 


4 


37 


DSI06 


SI04 C 


5 


36 


DSI05 


DT/OE C 


6 


35 


Use 


W1/I01 C 




34 


1 W8/I08 


W2/I02 C 


8 


33 


1 W7/I07 


W3/I03 C 


9 


32 


3 W6/I06 


W4/I04 C 


10 


31 


1 W5/I05 


Vcd C 


11 


30 


DVSS2 


WB/WE C 


12 


29 


J DSF 


NC C 


13 


28 


3nc 


RAS C 


14 


27 


Dcas 


NC C 


15 


26 




A8 C 


16 


25 


1 AO 


A6 C 


17 


24 


Dm 


A5 C 


18 


23 


3 A2 
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19 


22 


3 A3 
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20 


21 
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TAEC Regional 
Sales Offices 

NORTHWEST 
Sunnyvale 

TEL: (408) 737-9844 
FAX: (408) 737-9905 

SOUTHWEST 
Irvine 

TEL: (714)453-0224 
FAX: (714)453-0125 

Denver 

TEL: (303) 220-9848 
FAX: (303) 220-9856 

CENTRAL 
Chicago 

TEL: (708)945-1500 
FAX: (708) 945-1044 

Dallas 

TEL: (21 4) 480-0470 
FAX: (214) 235-4114 

NORTHEAST 
Boston 

TEL: (61 7) 224-0074 
FAX: (617) 224-1096 

Edison 

TEL: (908) 248-8070 
FAX: (908) 248-8030 

SOUTHEAST 
Atlanta 

TEL: (404) 368-0203 
FAX: (404) 368-0075 

Orlando 

TEL: (407) 332-0966 
FAX: (407) 339-3777 
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